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MPR-SAT-FE-73-1
SATURN V LAUNCH VEHICLE FLIGHT EVALUATION REPORT - AS-512
APOLLO 17 MISSION
BY

Saturn Flight Evaluation Working Group
George C. Marshall Space Flight Center

ABSTRACT

Saturn V AS-512 (Apollo 17 Mission) was launched at 00:33:00 Eastern
Standard Time (EST) on December 7, 1972, from Kennedy Space Center,
Complex 39, pad A. The vehicle lifted off on a launch azimuth of

90 degrees east of north and rolled to a flight azimuth of 91.504

_ degrees east of north. The launch vehicle successfully placed the
manned spacecraf® in the planned translunar coast mode. The S-1VB/

1y impacted the lumar surface within the planned target area.

This was the third Apollo Mission to employ the tunar Roving Vehicle
(LRV) during Extravehicular Activity (EVA). The performance of the
LRV was satisfactory and, as on Apollo 15 and 16 Missions, resulted in
a significant increase in lunar exploration capability relative to

the lunar exploration missions made without the LRV. The average
distance traversed with the LRV on the last three Apollo Missions

was approximate1y 30 kilometers, where the average distance traversed
on the three Missions without the LRV was approximately 3 kilometers.
The total distance traveled cn the lunar surface with the LRV on this
Mission was 35.7 kilometers (17 miles).

A1l launch vehicle Mandatory and Desirable Objectives were accomplished
except the precise determination of the Junar impact point. It is
expected that this will be accomplished at a later date. Wo failures
or anomalies ocrurred that seriously affected the mission.

Any questions or comments pertaining to the information contained in
this report are jnyited and should be directed to:

Director, George C. Marshall Space Flight Center

Huntsville, Alabama 35812

Attention: Chairman, Saturn Flight Evaluation Working
Group, SAT-E (Phone 205-453-1030)
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MISSION PLAN

The AS-512 flignt (Apollo 17 mission) to the Taurus-Littrow site is
the twelfth flight in the Apollo/Saturn V flight program, the seventh
mission planned for lunar landing, and_the third mission planned for
the Lunar Roving Vehicle. The Apollo 17 missicn is the first Apollo
flight planned for night launch and for translunar injection over the
Atlantic Ocean. The primary mission objectives are: a) perform
selenological inspection, survey, and sampling of materials and sur-
face features in a preselected area of the Taurus-Littrow region; b)
deploy and activate surface experiments: and ¢} conduct inflight
experiments and photographic tasks. The crew consists of E. A. Cernan
(Mission Commander), R. E. Evans (Command Module Pilot), and

H. H. Schmitt (Lunar Module Pilot).

The AS-512 Launch Vehicle (LV) is composed of the S-1C-12, S-11-i2,
S-1vB-512, and Instrument Unit (IU)-512 stages. The Spacecraft (SC)
consists of SC/Lunar Moduie Adapter (SLA)-21), Command Module (cH) -
114, Service Module (SM)-114, and Lunar Module (LM)-12. The LM has
been modified to carry the Lunar Roving Vehicle (LRV)-3. - :

Vehicle launch from Complex 39A at Kennedy Space Center (KSC) is planned
along a 90 degree azimuth followed by a roll to a flight azimuth of -~
approximately 72 degrees measured east of true north. -Vehicle mass at -
fqnition is nominally 6,530,819 Tbm. .. ..~ .- 0 o AR

R
e Vil

The S-IC stage powered flight lasts approximately 162 seconds; the
S-11 stage provides powered f1ight for appreximately 395 seconds.” .. .

" The S-IVB stage first burn of approximately 146 ‘seconds inserts the ‘-
S-1VB/IU/SLA/LM/ Command and Service Module (CSM) into a circular - °
90 n mi. altitude (referenced to the earth’s equatorial radius) *
Earth Parking Orbit (EPO). : Vehicle mass at orbit:insertion is
306,791 Tbtm, . o e

At approximately 10 seconds af ter. EPO fusertion, the vehicle is -
aligned with the Tocal horizontal ”; Continuous .hydrogen venting .
js initiated shortly after EPO insertion and:the LY -and :Spacecraft <

SC) systems are checked.in preparation for the ‘Translunar” Injection 3

ILI) turn. ~ Shortly after beginning:the third revolution:in EPO.:"

" the S-IVBAstagé"i;';re’st@rte’d’wd'hnrtE"for;"lpqi;‘ou_i.-*‘t_eﬂiy‘f_@Q“g?io
- This burn inserts the S-IVB/IU/SLA/LW/CSM into an arth-retury >
' translunar trajectory, ="l e R AL -l gd ey

8
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At 15 minutes after TLI, the vehicle initiates a maneuver to and
holds inertial.atti tude for CSM separation and docking, and CSM/LM
ejection. Following attitude acquisition the SLA panels are
jettisoned and the CSM separates from the LV. The CSM then trans-
poses and docks with the LM. After ducking and latching, the CSM/LM
is spring ejected from the S-1VB/IU. Following separation of the
combined CSM/LM from the s-1v8/1U, .the S-IVB/IU performs a yaw
maneuver and then an 80-second burn of the S-IVB Auxiliary Propulsion
System (APS) ullage engines as an evasive maneuver to decrease the
probability of s-1V8/IU recontact with the spacecraft. Subsequent
to the completion of the S-1VB/IV evasive maneuver, the s-Iv8/IU is
placed on a trajectory such that it will impact the lunar surface

in a target area located. between_the Apolio 14 and 16 landing sites.
The lunar impact target s 7.0°S latitude and 8.0°W longitude. The
impact trajectory is achieved by propulsive venting of hydrogen (“2)'
dumping of residual liquid oxygen (LOX), and by ground-cosmanded
firing of the APS ullage engines. The S-1VB/IU jmpact will be
recorded by the seismographs deployed during the Apollo 12, i4, 15
and 16 missions. s-1vB/IU lunar impact is predicted to occur at

89 hours 16 minutes 08 seconds after launch for nominal flight.

Several inflight experiments will be flown on Apollo 17 including

experiments conducted by use of the Scientific Instrument Module . ..

_ (SIM) located in Section 1 of the SM, and flight experiments during
earth orbit, transiunar coast, lunar orbit, and transearth coast - .

mission phases. P S LT R

vuring the 85-hour translunar coast, the astronauts will perform - -
star-earth landmark sightings, Inertial Measurement Unit () -
aligmments, general junar navigation procedures, ‘and midcourse " .-
corrections.. At approximately 88 hours and 50 minutes, a Service
Propulsion System (SPS), Lunar Orbit Insertion (LOI) burnof *~ .. - =
approximately 395 seconds is initiated to insert the CSM/IM into a .~
51 by 171 n mi.-al titude parking orbit. “Approximately two revolu- -7
tions after LOI, a 22.9 secor? burn wili-adjust the orbit to 15by, .-
59 nmi. altitude. The LM is entered by astronauts Cermanand - 7'
Scmitt, avud-checkwt_is,:‘;gco-plispa:[‘.'j "During the twelfth revolu Co
tion in orbit, at 110 hours 28 minutes, the LM separates from - the

CSM and prepares ‘for the lunar; descent. The CSH -is rthen inserted
_ into an approximately 62 n wi ;*_{aItjglde}ci_gwlar_ ,‘ogbiut,,psing;al.o;,
second SPS burn, The LM Descent:Propulsion System is used .to brake
the LM into the proper Tanding trajectory and to maneuver the M
during descent to the lunar surface. Landing at Taurus-Littrow
§s scheduled to occur at 113 hours 2 minutes.: The landing site is _ - *

. .""__’_._r .;,



situated at 20°10° North latitude and 30°45* East longitude

Following lumar landing, three EVA time perinds of 7 hours each are
scheduled duri -wivich the-asronauts will exnlore the lunar surface
in the LRV, collect surface samples, photograph the lunar surface,
and deploy scientific instrumerts. sorties in the LRV will be
limited in radius such that the life support system capability will
not be exceeded iV LRY failure necessitates the astronauts walking
back to the LM.~ Total stay time on the junar surface is open-ended,
with a planned maximum of 75.0 hours depeniing upor the outcome of
current lunar surface operations pianning and of real-time operation-
al decisions.

The CSM performs an orbital plane change approximately 8 hours before
rendezvous. LM 1iftorf nominally occurs at 183 hours 3 ninutes

into the mission. The ascent stage jnsertion into a 9 by 48 n =i.
s1titude lunar orbit occurs approximately 7 minites later. At
approxima tely 190.0 hours the rendezvous and docking with the CcSM

is accomplished. : i )

Following. docking, equipment transfer, and decontamination procedures,
the LM ascent stage is jettisoned and targeted to fmpact the lumar
surface at a point approximately 9 km from the Apollo 17 landing

site. Traonsearth Injection (TEI) is accomplished at the end of -
revolution 75 at approxi-atdy 236 hours and 40 minutes with a 142.2
second SPS burn. : STl R

puring the 68-hour transearth coast, the astronauts will perfora = -
navigation procedures, s tar-earth-moon 3ightings, the electro-- = ° -
phoretic separation demonstration, and as many as three midcourse
‘corrections. The Command Module Pilot will also perform an EVA to -
‘retrieve film cassettes frox the SIN bays. - The SM separates from S
the CM before re-entry. Splashdown occurs: in the Pacific Ocean . o
‘304 hours 31 minutes after Neoff, =i - T T

. ‘After the recovery operatlons.l Jological quarantine is not teposed -
on the crev and CM.  However, biological isolation garments will be
~ available for use in the event of unexpl ined crew 1llness. . I




FLIGHT SUMMARY

. e Jo

The tenth manned Saturn Apollo space vehicle, AS-512 (Apollo 17 Mission)
was launched at 00:33:00 Eastern Standard Time on Decegber 7, 1972, from
Kennedy Space Center, Complex 39, Pad A. The performance of the launch
vehicle and Lunar Roving Vehicle was satisfactory and all MSFC Mandatory
and Desirable Objectives were accomplished except the precise determina-
tion of the S-1VB/IU unar impact point. Preliminary assessments indicate
that the final jmpact solution will satisfy the mission objective.

The ground systems supporting the countdown and launch performed satis-
factorily with the ,exceptipn_of._ﬂ_\e_Tem‘lnal Countdown Sequencer (TCS).
The TCS malfunction resulted in a 2 hour 40 minute unscheduled hold.
Damage to the pad, Launch Umbilical Tower and support equipment was con-
sidered minimal. o

The vehicle was Jaunched on an azimuth 90 degrees east of north. A roll
maneuver was jnitiated at 13 seconds that placed the vehicle on a flight
azimuth of 91.504 degrees east of north. In accordance with preflight
targeting objectives, the translunar injection maneuver shortened the
translunar coast period by 2 hours and 40 wminutes to compensate for the
launch delay so that the lunar larding could be made with the same light-
ing conditions as originally planned. Available C-Band radar and Unified
s-Band tracking data plus telemetered guidance velocity data were used in
the trajectory reconstruction. Because the velocity at S-11 Outboard -~ -
Engine Cutoff was higher than rominal, earth parking orbit insertion con-
ditions were achieved 4.08 seconds earlier than nominal. Transiumar -
Injection conditions were achieved 2.11 seconds later than nowinal with
altitude 5.8 kilometers greater than nominal and velocity 5.1 meters per
second less than nominal. CSM separation was Commander inftiated 5§7.9 .-
seconds earlier than nominal resulting in an altitude 306.1 kilometers . -
less than nominal and velocity 91.7 meters per .second greater.than nominal.
A1l S-IC propulsion systess performed satisfactorily. ‘In all cases, the -
propulsion performance was very close to_the predicted nominal. - Overall =
stage site thrust was 0.30 percent higher than predicted. =Total_pro= ;-
pellant consumption rate was 0.16 percent higher than predicted and the
total consumed mixture ratio was' 0.002 percent higher than predicted. . .
Specific impulse was .0.14 percent higher .than prectlcted.";‘l’otal propellant
consumption from Holddowm Arm release to Outboard Eng‘ines Cutoff (OECO)
was low by 0.14 percent. Center Engine Cutoff (CECD) was inftiated by -
the Instrument Unit at 139.30 seconds, 0.02 seconds earlier than planned. -

.
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OECO was initiated by the fuel depletion sensors at 161.20 seconds, 0.47
seconds earlier than predicted. This is well within the +5.99, -4.22
second 3-sigma limits. At OECO, the LOX residual was 36,479 1ba compared
to the predicted 37,235 1bm and the fuel residucl was 26,305 1bm compared
to the predicted 29,956 1bm.

The S-11 propulsion systems performed satisfactorily throughout the
flight. The S-II Engine Start Cocmand (ESC), as sensed at the engines,
occurred at 163.6 seconds. _Center Engine Cutoff (CECO) was initiated
by the Instrument Unit (16) at 461.21 seconds, 0.47 seconds earlicr than
planned. Outbrard Engine Cutoff (0OECO), initiated by LOX depletion
sensors, occurred at 559.66 seconds giving an outboard engine operating
time of 396.1 seconds. Engine mainstage performance was satisfactory
throughout flight. The total stage thrust at the standard time slice
(61 seconds after S-11 ESC) was 0.14 percent below predicted. Total
propellant flowrate, including pressurization flow, was 0.19 percent
below predicted, and the stage specific impulse was 0.05 percent above
predicted at the standard time slice. Stage propellant mixture ratio
was 0.36 percent below predicted. Engine thrust buildup and cutoff
transients were within the predicted envelopes. The propellant manage-

and 2752 1btm LHz, 107 1bm less than predicted. Control of engine mixture
ratio was accomplished with the two-position pneumatically operated Mixture
Ration Control Valves. Relative to ESC, the lower Engine Mixture Ratio
step occurred 1.6 seconds earlier than predicted. The performance of the
LOX and LH2 tank pressurization system was satisfactory. Ullage pressure
in both tanks was adequate to meet or exceed engine inlet Net Positive
Suction Pressure minimm requirements throughout mainstage.

The S-1VB propulsion system performed satisfactorily throughout the opera-
tional phase of first and second burns and had normal start and cutoff
transients. S-IVB first burn time was 138.8 seconds, 3.7 seconds shorter
than predicted for the actual flight azisuth of 91.5 degrees. This dif-
ference is composed of -4.1 seconds due to the higher tham expected S-11/
S-1VB separatfon velocity and 40.4 second due to lower than predicted

S-IV8 performance. The engine performnce during first burn, as deter- .
mined from standard altitude reconstruction analysis, deviated from the
predicted Start Tank Discharge Yalve (STOV) open +135-second time slice

by -0.68 percent for thrust and -0.14 percent for specific impulse.
The S-1V¥B stage first burn Engine Cutoff (ECO) was initiated by the -~
Launch Yehicle Digital Cosputer (LVDC) at 702.65 seconds. The Costinuous
Vent System adecuately regulated LHz tank ullage pressure at an average
evel of 19.1 psia during orbit and the Oxygen/Hydrogen burner satis-
factorily achieved LH2 and LOX tank repressurization for restart. Engine
restart conditions were within specified limits. S-IV8 second burs time -
was 351.0 seconds, 4.0 seconds longer than predicted for the 9.5 .
degree flioht azimuth. This difference is primrily due to the lower . .
s-1v8 performance and heavier vehicle mass during second burn. . The engime -
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performance durino second burm, 3$ determined from the standard alti-
tude reconstruction analysis, deviated from the STOV open +172-second
time slice by -0.77 percent for thrust and -0.16 percent for specific
jmpulse. second burn ECO was jpitiated by the LvOC at 11,907 .64 seconds,
(08:51:27.64). subsequent: to- second burn, the stage >ropellant tanks
and helium spheres were safed satisfactorily. sufficient impulse

was derived from LOX dump, LHz CVS operation and auxiliary propulsion
system (APS) uliacge burn to achieve a successful lunar fmpact. Two sub-
sequent planned APS burns were used to improve lumar jmpact targeting.
The APS operation A< nominal throughout the flight. Mo helium or pro-
pellant Jeaks were observed and the requlators functioned nominally.

The structural loads experierced durina the S-IC boost phase were well
below design values. The raximm bending moment was g6 x 106 1bf-in
at the S-1C LOX tank (less than 36 percent of the design value).
Thrust cutoff transientS'expericnced— by- AS-512 were sipilar to those of
previous flights. The maximm 1ongitudinal dynamic responses at the
Instrument Unit (1U) were +0.20 g and 40.27 g at S-1¢C Center Engine
Cutoff and Outboard Engine Cutoff (OECU).'t'espectively. The magnitudes

of the thrust cutoff responses are considered normal. During S-1C
our

at approximately 100 .seconds. The paximum amplitude measured at the U
was +0.06 g. Oscillations in the four to five hertz range have been
observed on previous fiights and are considered to be normal vehicle
response to flioht enviromment. POG0 did not occur during S-1C boost.

i .
aimbal pad during steady-state engine operation. As oR previous flights,
Jow amplitude 11 hertz oscillations were experienced near the end of
s-11 burn. Peak enaine No. 1 gisbal pad response was +0.06 g. poGO did
not occur duirng s-11 boost. The POGO 1imiting backup cutoff system
performed satisfactorily during the prelaunch and f1icht operations.
The system did not produce any discree outputs and should not have
since there was no POGD. The structural loads experienced during the
s-1VB stace burns were well below design values. During first burn the
S-1v8 experienced Tow amplitude, 4+0.14 %. 16 to hertz oscillations.
Ihe amplitudes measured on the gimbal block were comparable to previous
fliohts and within the expected rance of values. similarly, S-IVB
second burn produced fntermittest low asplitude oscillations of #0.10 9
in the 11 to 16 hertz frequency range which peaked near second burn

+ P s
P e

The Stabilized flatform and the Guidance Computer 11y supported
the accomplishment of all guidance and navigation mission cbjectives with
no discrepancies in performance of the hardware. The end conditions at
parking Orbit Insertion and Translunar Injection were attained with insig-
nificant navigation ervor. Two ancmalies related to the ﬂ!sbt program did
occur. At approximately 5421 seconds range time (15 +4718.8) minor 1 )
error telemetry indicated at unreasonable change in the yww gimbal angle - .
during one minor toop. At the re-initialization of boost mavigation for

. - .
-, . -
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s-1VB second burn the extra accelerometer readings normally telemetered frow
GRR to 1iftoff plus 10 seconds were restarted and continued throughcut second
burn boost navigation. Neither of these anomalies significantly impacted
navigation, guidance and control. A minor discrepancy occurred during

S-11 burn, when the yaw gimbal angle -failed the zero reasonableness

test twice, resulting in minor loop error telemetry at 478.3 seconds

(T3 +317.2) and 559.4 seconds (T3 +398.2).

A1l control functions and separation events occurred as planned. Engine
gimbal deflections were nominal and APS firings predictable throughout
powered flight. A1l dynamics were within vehicle capability, anc bend-
ing and slosh modes were adequately stabilized. The APS provided
satisfactory orientation and stabilization during parking orbit and from
translunar injection through the S-IVB/IU passive thermal control maneuver.
APS propellart consusption for attitude control and propellant settling
prior to the APS burn for lunar target impact was lower than the mean
predicted recuirements. A1l separation sequences were performed as
planned. Transients due to spacecraft separation, docking, and Lunar
Module ejection were nominal.

The launch vehicle electrical systems and Emergency Detection System

per formed satisfactorily throughout the required period of flight. How-
ever, the tesperature of the S-IVB Aft Battery Mo. 1 Unit No. 1,
increased significantly above tae nosinal control 1imit (90°F) at approxi-
mately 9 hours due to malfunction of the primary heater control system.
Operation of the Aft Battery No. 1 remained nominal as did operation

of all other batteries, power Su lies, inverters, Exploding Bridge

Wire firing units, and switch selectors.

The 5-IC and S-II base pressure enviromments were consistent with trends and
wagnitudes observed on previous flights. The S-11 base pressure environ-
ments were consistent with trends seen on previous fiights, although

the magnitudes were higher than seen on previous flights. The pressure
enviromment suring S-1C/S-11 separation was well below maximum values.

The S-IC base region thermal environments exhibited trends and magni tudes
similar to those seen on previous flights except that the ambient tempera-
ture under Engine No. & cocoon rose unexpectantly and at about 50 seconds and
was approximately 13°C above the level experiended during previous flights.
During the later portion of the S-IC boost, the temperature returned to
normal. The maximum cococn tesperature reached was well below the upper
upper limit of the components under the cocoon. The base thermal environ-
ments on the S-11 stage were consistent w..h the trends and wagnitudes
sean on previous flights and were well below design limits. Aerodynamic
heatim_edenviromnts and S-1VY8 base thersal environments were not
measured. ' :

The S-IC stage forward compartment thermal environment was adequately
maintained although the tesperature W, Tower than experienced during
previous flights. The s-1C stage aft compartment ‘envirormental condi-
tioning systes performed satisfactorily. The S-1I stace engine compart-
ment conditioning system maintained the asbient tesperature and thrust
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cone surface temperatures within design ranges thriughout the launch
countdown. No equipment container temperature mea -urements were taken;
however, since the external temperature were satizfactor., and there
were no problems with the equipment- in-the- containers, the thermal
control system apparently performed adequately. The 1U stage Environ-
mental Control System exhibited satisfactory performance for the duration
of the IU mission. Coolant temperatures, pressures, and flowrates were
continuously maintained within the required ranges and design limits.
At 20,998 seconds the water valve logic was purposely. inhibited (with
the valve closed). Subsequent temperature increases were as predicted
for this condition. ‘ -

A1l data systems performed satisfactorily thrughout the flight. Flisht
measurements from onboard telemetry were 99.8 percent ce'iable. Tele-
metry performance was normal except for noted problems: Radio Frequency
propagation was satisfactory, though the usual interferer:e due to flame
effects and staging were experienced. Usable YHF data were received
until 36,555 seconds (10:09:15). The Secure Range Safety Command
Systems on the s-1C, S-11, and S-1V8 stages were ready iS gerform their
functions properly, on command, if flight conditions during: Taunch
phase had required destruct. The system properly safed the S-1VB
destruct system on 2 command transmitted from germuda (BOA) at 722.1
seconds. The performance of the Cowmand and Comunications System (ccs)
was satisfactory from 1iftoff through lunar jmpact at 313,181 secends
(86:59:41). Madrid, Goldstone were receiving CCS signal carrier at
lunar impact. Good tracking data were received from the C-Band radar,
with BDA indicating final Loss of Signal at 48,420 seconds (13:27:00).

Total vehicle mass, determined from postfiiaht analysis, was within G.68
percent of predicted from around ignition through S-IVB stage final
shutdown. This «m1l variation indicates that hardware weights, pro-
pellant loads, and propellant utilization were close to predicted
values during flight. : :

The S-IVB/1U Lunar Impact Mission objectives were to impact the stage

~ within 350 km of the target, determine the impact time within 1 second,
end determine the impact point withir 5 ‘m. The first two objectives
have been met. Further analysis is required to satisfy the third ‘objective.
pased on analysis to date, the S-1VB/1U jwpacted the moon December 1C,
1972, 20:32:40.99 eMT (313,180.99 seconds after range zero) at 4.33 :
degrees south jatitude and 12.37 degrees west longitude. This Jocation -
{s 155 km (84 n mi) from the target of 7 degrses south latitude and 8 .
degrees west longitude. The velocity of the S-IVB/IU at impact relative .
to the lunar surface was 2,544 m/s 18,346 ft/s). The incoming heading
angle was 83.0 degrees west of north and the angle relative to the local
vertical was 35.0 degrees. The total mass impacting the moon WS
approximately 13,931 kg (approximately 30,712 1bm). Real-time targeting
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activities modified the planned Tirst APS lunar impact burn to reduce the
APS ullage burn duration. A second APS burn was performed to minimize
the trajectory dispersion from the targeted impact point.

Three MSFC Inflicht Demc-~strations were conducted during translunar coast.
The purpose of the Demonstrations were to ohtain data in a low g environ-
ment on:

a. Convection in a Liquid Caused by surface Tension Gradients.
b. Heat Flow and Convection in a Confined Gas.. .
c. Heat Flow and Convection in a Liouid.

The Demonstrations were conducted as planned. The data were collected
by movie camera and crew observation, was of good quality, and is presently
being analyzed. Coe e e e . ,

The Lunar Rovino Vehicle (LRV) satisfactorily supported the Apollo 17
Taurus-Littrow lunar surface exploration objectives. The total odometer
distance traveled during the three EVA's was 35.7 kilometers at an
average velocity of 7.75 km/hr on traverses. . The maximum velocity . .
attained was 18.0 km/hr and the maximum slopes negotiated were 18 degrees
up and 20 degrees down. The average LRV energy consumption rate was 1.64
amp-hours/km with a total consumed energy of 73.4 amp-hours (including
14.8 amp-hours used by Lunar. Communication Relay Unit) out of an approxi-
mate total available energy of 242 amp-hours. The navigatfon system gyro
drift and closure error were negligible.

Controllability was good. There were no problems with steering, braking,
or obstacle negotiation. Brakes were used at least partially on all °
downslopes. Driving down sun was difficult because the concealed sha-

dows caused poor obstacle visibility.

While the LRV had no problems with the dust, stowed payload mechanical
parts attached to the LRV tended to bind up. The crew described dust -
as being an ant{-lubricant and reported that there was no EVA-4 capability
in many of the stowed payload items because of dust intrusion. Large
tolerance mechanical items such as locking bags on the gate and the pallet
Tock had problems toward the end of EVA-3. -'Only those items which ha

been protected from the dust performed ﬂtha‘lt_'degr,adation.‘”_ , .

M interfaces between cre\l.LRV and stowed payload ueresatisfactory '

The folloﬁné LRY Systen anoni‘liesweremted ., B .

a. At initial pouer;up. the LRV bati-ery teweratures were iﬁg&r than
predicted. . ' N : _

b. él::f;ry No. 2 temperature 1nd1catioﬁ was off ‘sca‘le Tow at start of |
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MISSION OBJECTIVES ACCOMPLISHMENT

J T i e -

Table 1 presents the MSFC Mandatory Objectives and Desirable Objectives
as defined in the »Saturn V Apollo 17/AS-512 Mission Implementation Plan,”
MSFC Document PM-SAT-8010.10A, dated September 29, 1972. An assessment
of the degree of accomplishment of each objective is shown. Discussion
supporting the assessment can be found in other sections of this report

as shovn in Table 1.

Table 1. Mission Objectives kcow1islnent
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FAILURES AND ANOMALIES

gvaluation of the Launch Vehicle and Lunar Roving Vehicle data reveal
nine anomalies, one of which is considered significant. - The signi-
ficant anomaly is susmarized in Table 2, and the other anomalies are
sumarized in Table 3. :

fable 2. Summary of significant Anomalfes - - =i =
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1.1 PURPOSE

SECTION 1
INTRODUCTION

This report provides the National Aeronautics and Space Administration
(NASA) Headquarters, and other interested agencies, with the launch
vehicle and Lunar Roving Vehicle (LRV) evaluation results of the AS-512

flight (Apollo 17 Mission). T
to acquire, reduce, analyze, e
extent required to assure futu
To accomplish this objective,
causes determined, and recomme
action,

1.2 SCOPE

This report contains the perfo

systems and LRV, with special emphasis on problems. Summaries of launch

he basic objective of flight evaluation is
valuate and report on flight data to the

re mission success and vehicle reliability.
actual flight problems are identified, their
ndations made for appropriate corrective

rmance evaluation of the major launch vehicle

operations and spacecraft performance are included.

The official George C. Marshal

1 Space Flight Center (MSFC) position at

this time is represented by this report. It will not be followed by a
similar report unless continued analysis or new information should prove
the conclusions presented herein to be significantly incorrect.

1-1/1-2
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2.1 SUMMARY OF EVENTS

Range zero occurred at 00:33:00

SECTICN 2

EVENT TIMES

Eastern Standard Time (EST) (05:33:00

Universal Time {uT]) December 7, 1972. Range time is the elapsed time

from range Zero, and is the time used thr
wise noted. Time from base time js the elapsed time from
jndicated time base. Table 2-1 prese

sequence program.

nts the time bases us

oughout this report unless other-
the start of the
ed in the flight

Table 2-1. Time Base Summary .
VEHICLE TIME® GROUND TIME**
TIME BASE SECONDS SECONDS SIGNAL START
(HR:MIN:SEC) (HR:MIN:SEC) N o
To -16.96 -16.96 Guidance Reference Release
T‘ 0.63 0.63 U Umbilical pDisconnect
Sensed by LvDC
12 139.44 139.44 Initiatad by LYDC 0.013
Seconds after T1 +138.8
Seconds
T3 161.22 161.22 s-1C QECO Sensed by LVDC
Ty 559.65 559.65 s-11 QECO sensed by LVDC
Tg 702.87 702.87 s-1v8 ECO (Velocity)
. Sensed by LVDC
16 10,978.65 10,978.65 Restart Equation Solution
(03:02:58.65) (03:02:58.65)
T, 11,907.87 11,907.87 s-1vB ECO (velocity)
(03:\8:27.87) (03:18:27.87) Sensed by LvoC
Tg 18,179.88 18,180.00 Initiated by ground
(05:02:59.88) (05:03:00.00) Command

*Range Time of occurrence as indi

j.e., the time of event as

cated by uncorrected LVOC clock,

tagged onboard, converted to range time.

++Range Time of Ground receipt of telemetered signal from vehicle.
Includes telemetry transmission time and LVDC clock correction.

Figure 2-1.
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The start of Time Bases 10, T1s and T2 were nominal. T3, T4 and

Tg were initiated approximately 0.5 seconds early, 0.4 seconds early,
and 4.1 seconds early, respectively, due to variations in the stage burn
times. These yariations are discussed in Sections 5, 6 and 7 of this :
document. Start times of Tg and T7 were 1.9 seconds early and 2.1 seconds
late, respectively. Tg was jnitiated by the receipt of a ground™ " o

command.

Figure 2-1 shows the mean difference between ground ¢tation receipt time
and vehicle tagged time which may be used for precise comparisons between
onboard guidance and navigation data that is time-tagged ontoard and
other data that is time-tagged by time of telemetry signal receipt at 2

ground station.

A summary of significant event times for AS-512 is given in Table 2-2.
The preflight predicted times were adjusted to match the actual first

motion time. The predicted times for establishing actual minus predic¢ted "

times in Table 2-2 were taken from 40M33627D, “Interface Control Document
Definition of saturn SA-511, 512 and 514 Flight Sequence Program” aid

from the AS-512 Postlaunch Operational Trajectory (01). The postlaunch
operational trajectory, MSFC Memorandum S&E-AERO-MFT-200-72, correcting
the earlier 0T for the adjusted flight azimuth, was used because of the.’ '
Jaunch delay. -

2.2 VARIABLE TIME AND COMMANDED SWITCH SELECTOR EVENTS

Table 2-3 lists the switch selector events which were jssued during the
flight, but were not programmed for specific times.



GROUND TIME*MINUS LVDC TIME‘.'M!LLISECONDS

300

250

200

150

100

50

/
* ............
10,000 20,000 30,000
RANGE TIME, SECOMOS
1 | 1 | -
2:00:00 4:00:00 6:00:00 8:00:00

RANGE TIME, HOURS:MINUTES:SECONDS

+ RANGE TIME OF GROUND RECEIPT OF TELEMETERED SIGNAL FROM VEMICLE.
« = RANGE TIME OF OCCURRENCE AS INDICATED BY UNCORRECTED LVDC CLOCK.

Figure 2-1. AS-512 Telemetry Time Difference
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Table 2-2. Significant Event Times Summary
2 ANGS T »E TIvE Fu(w PASE
16w syeRT DESCRIPTICA AC TUML ACTI-PREL ACTUAL aCT1-0PF(
<ET, SFC SEC SEC
1 GUICANCE FEFFUFNCE ALy EASE -17.0 0.0 -11.6 —-~}-—0-%
(gen)
2 S-1C FAGINF GEART SEQUFNCE -a8.9 0.0 -9, 0.0
cevMang ((2NUNC)
3 §-1r ENGINE N[5 <TAY -h.9 0.9 “1e% . - --f- - D0 ..
6 S-1C EAGINE NC.d STany ~6.7 0.0 -T7.3 0.1
5 -1C ENGIAF NC.2 craet ~€.t 3.9 -7.2 0.0
6 S-1C FSGCIRE NCL2 sTamt -6.3 0.0 -6.9 0.1
7 $-1C ENGINE NC.& sTant ~6e3 0.1 -1.0 0.0 B S
8 ALL S-1C FNGINES THRLST CX “leb -0.1 -2.3 -1
q eANCE JE3C 0.0 -0.6
10 ALL +FCLCOCWN ARMS RELEASED 0.2 0.0 -Ceé 0.0 -
{FIRST PCTICND
i1 1U UMPILICAL CISCCNNECT, START 0.6 N.0 c.0 0.0
OF TI®E PASF 1 (TD)
12 REGIN TCWEP CLFARANCFE YAW el 0.1 1.0 g.0
MARELVER
13 ENC Yaw PANEUVE® 9.7 0.1 9.1 0.1
14 REGIN PITCH AKNC RCLL MANEUVEP 12.9 0.4 12.3 JeS
15 $-1C CLYBCARD ENGINE CANY 20.8 0.0 20.0 0.0
16 ENC ROLL WBNEUVER 14.3 -0.4 13.7 ~0.4
17 mMACH ) 67.5 0.0 66.9 Jel
18 maAxIMum DYRAMIC PPESSURE n2.5 -l.1 81.9 -1l.1
tmax )
19 S—1C CERNTEP EAGINE (UTCFF 139.30 -0.02 138.¢7 -0.01
(CECT)
20 START CF TIME RASE 2 (12) 139.4 C.0 Cc.0 0.0
21 END PITCH MANEUVER (TILT 1€0.1 0.2 20.6 0.1
ARREST)
22 S-1C OuTBOARD ENGINE CLTCFF 161.20 -0.67 21.75 -0.47
({CECC)
23 START CF TVIPE BASE 3 113} 161.2 -0.9% 0.0 0.0
L J
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Table 2-2. Significant Event Times Surmary (Cont'd)
aanCE _TIPE 11 €eC* B4
17Em EVENT DESCRIPTION 2CTUSL ACT-PRED ACTUAL 2CT-PREL
SET SEC SEC SEC
24 cTART S=11 Lw2 TANK MIGH 161.2 -0.5 0.1 R 2 T
PRESSURE VENT MCCE
26 S-11 LW2 PECTACULATICN PLNPS te1.4 -0.5 0.2 0.0
CFF
26 $-1C/S-11 SEPARATION COMMAND 1862.9 -0.5 1.6 - 1
1C FIRF SEPARATICN CEVICFS
ANG AET720 ®riCcRS
27 s-11 ENGINE SCLEMCIC ACTIVAT- 1:1.6 -0.5 2.4 0.0
{CN (AVERAGE CF FIVED
28 S-11 ENGINE START SEGUENCE 163.6 -0.5 2.4 0.0
CCMMANG (ESC)
29 S-11 IGAITICN-STOV CPEN 1e4.6 -0.5 1.4 0.0
30 S-11 #AINSTAGE 166.4 0.5 5.2 0.0
31 S-11 CrILLOCWN vaLVES CLOSE 186,59 -0.5 5.3 0.2
32 $-11 HIGH (5.5) EPP NC. 1 ON 169.1 -0.5 7.9 0.0
33 $-11 HIGH 15.5) EFR NQ. 2 ON 169.3 -0.5 8.1 0.0
34 S-11 SECOND PLANE SEPARATION 192.9 -0.% 3.7 0.2
CCPMARD tJIETTISCN S-11 AFT
INTERSTAGE)
35 LAUNCH ESCAPE TOWER (wsm *
JETTISCN
36 ITERATIVE GUIDANCE “CDE (16 204.1 0.0 42.9 0.5
PHASE 1 INITIATED
37 $-11 CENTER ENGINE CUTGFF 461.21 ~0.47 269.98 -0.02
(CECC)
38 START CF BRTIFICIAL TAU MOOE 489.0 -1.9 327.9 -1.5
39 S-11 LOwW ENGINE WIXTURE RATIO 489.2 -2.1 328.0 -1.6
{EFR) SPIFT [ACTUAL)
40 END CF ARTIFICIAL TAU »ODE 499.0 -3.2 337.8 -2.8
41 S-11 CUTBCARC ENGINE CUTCFF 559.66 -0.47 368,42 -0.02
{QECC)
42 S-11 ENGINE CUTCFF INTERRUPT, 559,.7 0.4 0.0 0.0
START OF TIME RASE 4 (74}
43 S-1V8 ULLAGE POTOR IGNITION $60.5 0.5 0.9 0.0
o4 S-11/75-1v0 SEPARATION CCMMAND $60.6 -0.5 1.0 0.0
¥C FIRE SEPARATICH OEVICES
ANO RETRGC MOTORS

*PData not available.
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Table 2-2. significant Event Times Summary (Cont'd)

aasC: T1%wE vqme £ AASE
jTEw EyENT PESCRIPTION FCTUAL CT-p2: . YR AETI1S
SEC SEC 14 134
o5 S-tvR ENGINF 4TART (rwwARD 560.1 -0.5 1.1 2.0 1.
(egast £30) -
&6 FUEL CHILLIfmN pyjm0 CFF c¢1.8 -0.5 2.2 Je0
a1 S-1v® {GNTT 10N (ST CFERD 563.8 -0.% 6.2 0.1
of S-1VR waInSTAGE Sebe? -C.5 ) 0.0 T
49 START CF A TIFICIAL TAaL wubt 56R8.9 3.4 9.2 J.8 .
5Q S-1vP ULLAGE CASE JETTISON 5T2.% -0.% 12.8 0.0
¢1 ENC CF aaT1FiCIAL TAu vCCE 58242 4.t 22.6 .9
a2 AEGIN VERPINAL GUILANCE t69.17 ~bel 110.1 U
§3 ENG IGM PHASE D 696.3 <37 136.7 -3.2
se BEGIN Crl FREEIS 696,72 -3.7 136.7 -3.2
65 s-1vB VELCCITY CLICFF 1C2.6% -4.09 -0.23 ~0.02 o5
cCrPARD NC. 1 (FIAST ECOD .
cs S-1vB VELCCITY CLITFF 102.75 -4.10 -0.12 -0.02
cCcrwang nCo 2
7 S-1vA ENGINE CUTCEF INTERRUPT, 1€2.9 -4,1 0.0 0.0
START OF Tiwe BASE 5 (15)
58 S-1vB APS ULLAGE ENGInE MC. 7¢3.1 S| 0.3 0.0
(GAITICN COmmant
69 S-1ve APS ULLAGE ENGINE NO. 2 7¢3.2 -4.1 Out 0.0
ICAITICN COWeANC
60 LCX TANK PRESSURTZATICN FFF 7C4 .0 4.2 1.2 c.0
&1 PARKING CRE1Y INSERTICN 712.6 -4al 9.8 c.0
62 REGIN MANEUVER o LOCAL 1264.4 -2.7 21.5 1.3
HCRIZCATAL ATT1TUCE
¢3 S-1ve CCNTINUCUS VENT 761.8 -4.1 9.0 3.3
SYSTEP (CVS) CN
64 S-1VE APS ULl oo . FRLINE NOL 1 186.8 4.1 1.9 JeJ
CUTCFF CCPPant
65 >-IVE APS ULLAGE ENGINE NG. 2 785.9 -4.1 a7.1 2.9
CUTCFF CCPPBNG
66 BEGIN ORBITAL NAVIGATICN *
67 BEGIN S~1VB RESTARY PREPARA- J0678.6 “1.% 0.0 3.0 }
TICNS, START CF TIPE EASE &
(te)
[

":!m.;b““'""

LW

#Data not available. 2-6
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Table 2-2. Significant Event Times Summary (Cont'd)
RArCE TIvE tive Fagw PASE
11Em EVENT NFSTATPTILA 1ROL Y 11 £2-2-1 34 7 111710 YT
L SEC {14 SFC
68 S~1VR F2/12 RUPAES =2 CN 11C19.9 -1.9 e1.) 0.0
69 S-1vA C2/m) PUBKER FX(ITEAS ¢cr J11020.2 ~1.9 6140 .
73 S-1ve C2/H2 RUWNEU LCX CN 113:0.0 -1.7 «2.0 0.0
(FELIUM FEATEU 7%)
71 S-1ve CVS rFF 11020.8 -1.9 “L.? 9.3
72 S-1VR LH2 REPRFSSLETIATION 11c26.17 -1.9 ~8.1 0.0
CCNTRCL VALVE CA
73 $-1VA LCx PEPPESSURIZATICN 11076.9 -1.9 o3 c-e
CCATRCL VALVF CN
74 S-IVR ALX WYCPELLIC PU¥P 11197.6 ~1.9 215.9 V.0
ELIGHFTY MLTE ON
75 S-1vB LOX CRILLDO WA PUPP CA 1221.6 -1.9 245.0 0.0
76 S-1VR LF2 CHILLCTWA PUFP A 11232.6 -1.9 2¢4.0 0.0
77 S-1vP PREVALVES CITSEC 11227.¢ ~1.9 259.9 2.2
18 S-1YR MIXTURE RATIC CCAYRCL 1142847 -1.9 4%3.1 c.¢
VALVE CPEN
79 S—-1VE APS ULLAGE EACINE AC. 1 1147409 -1.9 ©96.3 0.0
IGNITION COMMANC
80 S-1v8 APS ULLAGE ENGINE AC. 2 [11475.0 -1.9 496.4 0.0
IGNITION COMMANE
a1l S-1vB £2/W2 BURNER Lk2 CFF 11475.4 -1.9 45 ¥ 9.0
tHELIUM REATER CFF)
22 S-1vA C2/H2 PURNEWM LCX CFF 11479.9 -1.9 5301.3 b Y]
63 S-1VE L¥2 CHILLCCWA PUMF CFF  |11548.8 -1.9 565.4 c.0
¢4 S—1v8 LECX CHILLDCRN Pusp CFF  |11548.2 -1.9 5656 0.2
¢5 S-1v8 ENGINE RESTART CCMPANC  [11548.6 -1.5 510.C 0.0
(FUEL LEAC INITIATIGA)
(SECCNC ESC)
g6 S—1ve APS ULLAGE ENGINE NO. L [11551.6 -1.9 571.) 0.9
CUTCFF CCMMANC
87 S-1v8 APS ULLAGE ENGINE AC. 2 hssi.? -1.9 $73.1 6o
CUTCFF COPPANC
83 S-1v8 SECONC IGNITICA (STOV 1155¢06 -1.9 578.0 2.9
CPEN)
8S 5-IVA MAINSTAGE 11555.1 -1.9 sec.e -0.1




Table 2-2. Significant Event Times Summary (Cont'd)

~ANC- TI®E Tyee Eagw AASE
TTE™ EVENT DESCRIPTICA MR TR | Pi-r2-[ LR I NALTEEL
=7 St (34 Son

90 ENGINE MIxTLR: 2ATID tEve) 116465.% -0, IS § W 1.7
CrATACL VALVE SHIFT [PEGIN
VBLVE S VE¥FAT]

91 S-1vR L2 STEP PHESGHR [ZATICN J1132R. 4 -1.9 AL, T fLD
LSECOAD BLRN WELAY FFF)

92 AEGIM TEAMIAAL GuiLANCE t1e79.1 —2.3 SCC.Y 62

31 REGIN CHI FFERLF 1189%.7 [+ P 4 GG 2.t

94 S-1vB SECONC GUICENCE CUTCEF 11907 .64 2.1C ~1.2& -0.3¢
comMMAND AO. 1 (SFCUND £1.1)

65 S—-1va SECCNC GUILANCE CUTCFF 11s07. 76 P ¥4 -Cal2 -J.027
CCMMANG NC. 7

65 S-1v® ENGINF CUTCFF INTERPRUPT, 11507.9 2.1 ced 0.0
STARY F TIME 8aSsE 7 [(REA]

67 S-1vA 2vS GA 116CR.13 2.1 8.% 0.0

QR TRARSLUNAR INJECTION (Te iy 11917.6 21 S."° 0.0

<9 S-1vB CvS CFf 12058.7 2.1 10,9 D)

100 PEGIN CRATTAL NAVIGATICA 120%9.6 1.0 151.7 0.8

101 REGIN PANEUVER TC tCCal 12059 .6 3.0 1¢3.7 G.8
HCRTZICNTAL ATTLTLODE

102 BEGIN PANEUVER TC TRANSPCSI- 12808 .9 *& 901.0
TICN AND DCCKIMNG ATTITUNE
{TCLE)

103 CS¥ SEPARATICA 13347.6 L 163,17

104 CS»® CCCK 14230.7 k 21zz.8

105 SC/LY FINAL SEPARATICON 17102.2 ¥ 5154.3

106 START OF TIME EASE £ (18) 18179.9 ** G.0 0.0

107 S-1Ve APS ULLAGE ENCINE AC. 1 [18181.1 E 2 ] 1.2 0.0
{GAITICh CCPPANC

108 S-Ive APS ULLAGE ENCINE N0, 2 J18181.2 *& 1.4 0.0
ICNITICh COMPANC

109 S~-1ve APS ULLAGE? EACINE NC. 18261.0 L 81.2 0.0
CLICFF CCWPAND

110 S-1ve APS ULLAGE ENCINE N0 2 .
CUTCFF CCPPAND

*Data not available.
»+prediction not available.
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Table 2-2. Significant Event Times Summary (Cont'd)
RANGE TIME TIVE FCR BASE
yENT -y ACTUAL ACT-PRED | ACTUAL ACT-PRED
ITEM EVENT DESCRIPTINN SEC siC SEC SEC
111 | Initiate Maneuver to LOX Oump 18,760.0 e 40.1 0.0
Attitude
112 | S-1vB C¥S ON 16,179.8 bl 1000.0 0.0
113 | s-ivB CVS OFF 19,480.0 .o 1300.0 0.0
114 | End LOX Dump Required for 19,507.9 bl 1328.0 0.0
$-1YB APS Burn
115 | S-1v8 APS Ullace Engine No. 1 22,199.8 e 4020.0
Ignition Command
116 | S-1vB APS Ullage Engine o. 2 22,200.0 il 4020.2
Ignition
117 | s-1v8 APS uUllage Engine No. 1 22,297.8 . 4118.0
Cutoff Commanad
118 | s-1v8 APS Ullage Engine No. 2 22,298.0 il 4118.2
Cutoff Command
119 | 2nd Lunar Impact Maneuver 39,760.0 -
Cormand
120 | s-2vB APS Ullace Engine No. 1 40,499.8 b
Ignition Cormand
121 | s-1v8 ApPS Ullace Engine No. 2 40,500.0 haied
Ignition Corrard
122 | S-1v8 APS Ullage Engine Ko. 1 40,601.8 b
Cutoff Command
123 | S-1v8 APS Ullage Encine No. 2 40,602.0 ol
Cutoff Comwmand
124 | Passive Thermal Conirol 41,510 b
Maneuver
125 | Flignt Control Computer Power 41,532 e
off
126 cS Subcarrier Off 49,260 -
127 | S-1¥8/1U Lunar Irpact (Hours) 86.995 103.951
{HR:¥IN:SEC) 86:59:41

sepredictions not availadle.
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Table 2-3. Variable Time and Commarnded

Switch Selector Events

Inflight Calibrate OFF

FUNCTION STAGE RANGE TIME TIYE FROM BASE REMARKS
{SEC) {seC)
Low (4.8) EMR No. 1 ON s-Ii 489.% Ty +327.8 LVCC Function
Low (4.8) EMR No. 2 ON S-i1 289.2 Ty +322.0 LYDC Function
Water Coolant Valve 1Y) 780.5 Tg +77.6 LVCC Function
Closed
Telemetry Calidbrator U 3216.1 TS +2513.2 Acguisition by {armarvon
Inflight Calibrate OX Revolution 1
M Calibrate ON S-1v8 3216.5 TS +2513.6 Acquisition by Carnarvon
Revolution 1
T Calibrate OFF S-178 3217.5 Tg +2514.6 Acquisition by Carnarvon
Revolution 1
Telemetry Calibrator v 3221.1 Tg +2518.2 Acauisition by Carnarvon
Inflight Calibrate OFF Revolution }
Water Coolant Valve W 3480.5 Tg *#2777.6 LVDC Function
Open
Telemetry Calibrator 1U 4712.1 Tg +4009.2 Acguisition by
inflignt Calibrate O% Hawaii Rev. 1
™ Calibrat2 ON S-1¥8 4712.5 Tg +4009.6 Acquisition by
Hawaii Rev. !
T™ Calidbrate OFF S-178 4713.5 Tg +4010.6 Acguisition by
: Hawai‘ Rev. 1
Telemetry Calibrator i 4717.1 Tg +4014.2 Acguisition by
Inflignt Calibrate OFF Goldstone Rev. 1
Telemetry Calibrator v 5344.1 Tg +4641.2 Acquisition by
Inflight Calibrate ON Goldstone Rev. 1
™ Calibrate ON s-1v8 5344.5 Tg +4641.6 Acquisition by
Goldstone Rev. 1
TM Calidbrate OFF s-1v8 5345.5 Tg +4642.6 Acquisition by
Goldstone Rev. 1
Telemetry Calibrator 1Y 5349.1 Tg +4646.2 Acquisition by

Goldstone Rev. 1
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Table 2-3. Variable Time and Commanded Switch selector Events (Contd

ye o r ry — e e+ T T TR ST mmes

FURCTION

TIME FROM BASE
(sEC)

REMARKS

Telemetry Calibrator
Inflight Calibrate ON

TM Calibrate ON

TM Calibrate OFF

Telemetry Calibrator
Inflight Calibrate OFF

Telemetry Calibrator
Inflight ON

M Calibrate ON
TM Calibrate OFF
Telemetry Calibrator

Inflight OFF

Telemetry Calibrator
Inflight Calibrate ON

™M Calibrate ON

TM Calibrate OFF

Telemetry Calibrator
Inflight Calibrate OFF

Telemetry Calibrator
Inflight Calibrate ON

™ Calfbrate ON

TM Calibrate OFF

Telemetry Calibrator
Inflight Calibrate OFF

STAGE RANGE TIME
(SEC)
Y 6928.1
S-1v8 6928.5
S-1v8 6929.5
v 6935.1
v 8808.1
S-1v8 8808.5
S-1v8 8809.5
1y 8813.1
v 10264.1

S-1v8 10264.5
S-1v8 10265.5
I 10269.1
v 10888.1
S-1v8. 1 10888.5
S-1v8 10839.5

v 10893.1

Tg +6225.2
T +6245.6
T +€226.6
Tg +6232.2
Tg +8105.2
Tg +8105.6
Tg +8106.6
Tg +8110.2
+9561.2

Tg +9561.6
Tg +9562.6

Tg +9566.2
Tg +10185.2
Tg +10185.6
Tg +10186.6

T +10190.2

Acquisition by
Ascension Rev.

Acquisition by
Ascension Rev.

Acgquisition by
Ascension Rev.

Acquisition by
Ascension Rev.

Acquisition by
Carnarvon Rev.

Acquisition by
Carnarvon Rev.

Acquisition by
Carnarvon Rev.

Acquisition by
Carnarvon Rev.

Acquisition by
Hawaii Hev, 2

Acquisition by
Hawaii Rev, 2

Acquisition by
Hawaii Rev. 2

Acquisition by
Hawaii Rev. 2

Acquisition by
Goldstone Rev.

Acquisition by

Goldstone Rev. 2

Acquisition by
Goldstone Rev.

Acquisition by

Goldstone Rev. 2

2-1
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Table 2-3. yariable Time and Comman

ded Switch Selector

TiME FROM BASE
(3EC)

Events (Cont*d)

REMARKS

FUNCTTUN RANGE TIME
(SEC)

Telemetry calibrator 12175.2
Inflight Calibrate ON

1M Calibrate o 12175.6
1M Calibrate OFF | 12176.6
Telemetry Calibrator t 1218C.2
{nflight Calibrate OfF

Water Coolant Valve 19079.8
Closed

'S-WB Ullage Engine s-1v8 22199.8
No. 1 ON

5-1v8 Ullage Engine S-1V8 22200.0
No. 2 ON

s-1v8 Ullage Engine s-1v8 22297.8
No. 1 OFF | !

s-1v8 Ullage Engine s-1v8 22298.0
No. 2 OFF

s-1v8 Ullage Engine S-1V8 30439.8
No. V ON

s-1v8 Ullage Engine s-1v8 40500.0
No. 2 ON

s-1v8 Ullage Ergine s-1v8 40601.0
No. 1 OFF

s-1v8 Ullage Engine s-1v8 40602.0
No. 2 OFF

Flight Control Computer 1V 41521.0
power OFF A

Flight Control Computer 1V 81532.1
Power OFF 8

Water Coolant Yalve v 41554.3
Open

T4 +267.3
1, +267.7
19 +268.7
T, +272.3
Tg +899.9
Ts +4020.0
TB +4020.2
Tg +4118.0
Tg +q118.2
Ta +22220.0
Tg +22320.1
Tg +22621.9
Ts +22422.1
Tg +23341.1

Tg +23352.2

Tg +23374.4

Acquisition by
Ascension

Acquisition by
Ascension TLC

Acquisition by
Ascension ne

Acquisition by
Ascension TC

LYDC Function
tunar lmpact gurm
do. 1

Lunar lmpact Burn
No. 1

Lunar Impact Burn
No. !

Lunar Impact Burn
No. 1

Lunar lwpact Burn
No. 2

Lunar Impact Surn
No. 2

Lunar Impact Burn
No. 2

Lunar Impact Burn
No. 2

CCS Cosmand

ccs Command

LVOC Function
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SECTION 3
LAUNCH OPERATIONS

3. SUMMARY

The around systems supportina the AS-512/Apollo 17 countdown and launch
performed satisfactorily with the exception of the Terminal Courtdown
Sequencer (TCS). The TCS malfunciion, which i< diccussed in paragraph
3.3, resulted in 2 2 hour and 40 minute launch delay. The space vehicle
was launched at 00:33:00 Eastern standard Time (EST) (05:33:00 UT) on
December 7, 1972, from Pad 39A of the Kennedy Space Center, Saturn
Complex. Damage ts the pad, Launch Umbilical Tower (LUT) and supnort
ecuipment was considered minimal.

3.2 PRELAUNCH MILESTONES

A chronological summary of prelaunch milestones for the AS-512 launch is
contained in Table 3-1.

3.2.1 s-1C Stage

s-1C stage and GSE systems performed satisfactorily during countdown

with the excepticn of three failures which were subseauently corrected.

The faiiures were i ©he {1} Safe and Arm Devices (SsA). (2) Remote Digital
Sub-Multiplexer, and (3} F-1 Engine MNo. 2 gas Generator Igniter. The

Safe ard Arm Device failed to respond to 2 safe command. Possible

causes for the failure were determined to be low voltage, improper
jnstaliation, or a defective unit. The safe and Arm Device and its mounting
block were replaced and the replacement unit performed satisfactorily.
gench tests of the suspect unit failed to dupliicate the problem and dimen-
sional anaiysis of the unit and rounting block was satisfactory. Analysis
did reveal, nowever, that output toraue of the solenoid at the Jower end

of the voltage curve was marginal with respect to the toraue requirements
of the mechanical linkage of the SSA device. As a precautionary measure,
the countdown procedure was changed to arm the device at T-33 minutes
instead of T-5 minutes to eliminate the need for recycling to T-22

minutes in the event of a hold. In addition, the provision was made to
jncrease the stage bus voltaae to 30 V if the unit should fail to arm
durinag the count.

At the T-9 hour scheduled hold the Remote Digital Sub-Multipiexer (RDSM)
failed and an 8 ampere current surge of one minute duration was recorded.
The ROSM was replaced and satisfactorily retested. The cause was
jsolated to shorted ceramic capacitor (C7) in the power supply card.

As a result of failure analysis it was concluded that the failure was
random and no corrective action js anticipated.
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Table 3-1.

e e s w— T

AS-512/Apollc 17 prelaunch Milestones

DATE

ACTIVITY OR EVENT

October 27, 1970

gecerber 21, 1970
June 16, 1971
June 17, 130
#arch 24, 1972
Zarch 24, 1272
“May 11, 1972
May 15, 1972
May 19, 1972
Sune 2, 1972
June 7, 1972
June 26, 1972
June 23, 1372
July 12, 1972
August 1. 1972

August 31, BeT
fugust 13, 1972
August 23, 1¢72
August 28, 1972
October 11, 1972
Jctober 12, 1972
October 20, 1972
November 10, 1972
siovember 20, 1972
stovember 23, 1972
Jecember £, 1972

1 December 7, 1672 (£S7)

~

$-11-12 Stage A-rival

$-1¥B-512 Stace Arrival

Lunar Module {LM)-12 Ascent Stage Arrival

tonar Mogule [1M)-12 Descent Stage Arrival
spacecraf /Lunar Madule Adapter (SLA}-21 Arrival
Command and Service Moduie (CSM)-114 Arrival
5-1C-12 Stage Arrival

§.1C Erection on Mobile Launcher (ML)-3

S-11 Erection

Lunar Roving Vehicle (LRV) -2 Arrival

Instrument unit (1U)-532 Arrival

1y frection

$-1V5 Erection

Launch vehicle (LV) Electrical Systems Test Completed

LV Propellant Dispersion/Mal function Overall Test (OAT)
Complete

LV Service Arm QA1 Complete

LRY installation

Spacecraft (5C) Erection

Space vehicle (SV)/ML Transfer to Pad 39A
sy tlectrical Mate

sy 0AT %o. 1 {(Plugs In) Complete

SY Flight Readiness Test (FRT) Completed
RP-1 Loading

Countdown Demonstration Test (CDOT) Completed (Wet)
CODT Zompleted (Dry)

Sy Terminal Countdown Started (1-28 Hours)
SV Launch
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The F-' Encine lo. 2 Gas Generator (6G) igniter installed indication was
lost at T-23 hours. Both GG jgniters on Engine to. 2 were replaced and
the problem was determined to be due to igniter failure. Failure
analysis revealed an error in manufacture in that solder had been
omitted from an electrical pin in the igniter, allowing intermittent
contact. The lack of solder was seen in the X-ray picture which is

made during receiving inspection. Corrective action taken was to review
all remaining igniter X-ray pictures to assure no more omissions exist.

3.2.2 s-11 Stage

The S-iI stage and GSE performed satisfactorily during the countdown.
As a result of the unscheduled hold caused by the Terminal Countdown
Sequencer (TCS) malfunction, some systems such as the J-2 engine start
tank system were required to remain active.

During the first unscheduled hold at 02:52:30 UT (T-30 seconds), S-II
stage systems were safed and recycled successfully during this 65.2
minute hold duration. At 03:57:41 UT (T-22 minutes), the countdown
was resumed and continued to T-8 minutes when another hold occurred to
resolve the TCS corrective action. This hold lasted 73.3 minutes and
contingency hold Option 2 was utilized. S-II systems remaining active
through this hold were LOX system helium injection, engine actuation
hydraulic system temperature control, and engine helium and hydrogen
ctart tanks pressurized. It was necessary to manually control engine
helijum tank venting as temperature changes di tated. The engine start
tanks were chilled, pressurized, and then required one rechill cycle
at 05:12:00 UT for proper temperature conditions. At 05:25:00 UT,

the countdown resumed at T-8 minutes and proceeded without further
problems to liftoff. Electrical batteries on the S-II stage were on
internal power about 20 seconds longer than previous vehicles and were
slightly more discharged at liftoff as a result of the repeated
countdown.

3.2.3 S-1vB Stage

Overall performance of the S-1VB stage and GSE was satisfactory during
the countdown operations.

A hazardous gas detection sensor located at the LH iank vent disconnect
on Swing Arm No. 7, showed an intermittent indication of GHp for approxi-
mately 1-1/2 hours from T-3 hours 30 minutes. The leak was not large
enough to cause a problem and was dispositioned acceptable for launch.

To keen the engine centrol %elium sphere pressure below the redline
1imit of 3400 psia, the sphere was vented six times using the emergency
vent during the hold period.

Prior to resuming the countdown at T-8 minutes, the start tank was
rechilled to bring the temperature below the maximum limit acceptable

for launch. After rechilling, the start tank emergency vent valve was
cycled three times to keep the start tank pressure below the maximum limit.
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A lona term decay was noted on Forward Batterv No. 2, oper circuit
voltage. The open circuit voltage at the time of installation was 34.74
y. The voltage decayed 1.30 V over a 24-hour period. During the hold
at T-9 hours, a power transfer test was performed to verify battery per-
formance under loaded conditions. Batterv performance was normal. At
1.8 hours 53 minutes, Battery Monitor Enable was turned on to provide

a small load in order to stabilize the batterv. The battery voltage
stabilized at T-4 hours. The voltace decay was attributed to a greater
than nominal silver-peroxide level in the battery cells. The battery
met all specifications and criteria.

3.2.4 IU Stace
The IU stage performed catisfactorily durina the countdown.
3.3 TERMINAL COUNTDOWN

The AS-512/8pollo 17 Terminal Countdown was picked up at T-38 hours on
December 5, 1972. Scheduled holds were initiated at T-9 hours for a
duration of 9 hours, and at T-3 hours 30 minutes for a duration of one hour.

At T-167 seconds the Terminal Countdown Seauencer (TCS) failed to issue
the "S-1VB LOX Tank Pressurization” command. When it was visually observed
tr.t the S-IVB LOX Tank was not being pressurized, the console operator.
initiated action to manually control S-IVB LOX Tank Pressurization. The
tank was pressurizeu, but because an interlock relay was not energized
when the TCS failed to issue the T-167 second command, a countdown hold
was experienced at T-30 seconds. This hold lasted for 2 hours and 40
minutes durina which time the TCS failure was confirmed, a "Work-Around”
was investigated, and the "Work-Around” was verified at the MSFC Saturn

y System Development Facility (SDF). Also during this hold the countdown
was recycled to T-22 minutes. After investigation of the failure and
verification of the "Work-Around" it was concluded that the countdown
could be successfully and safely accomplished by using a jumper to bypass
the "S-IVB LOX Tank Pressurized” interlock relay and manually pressurizing
the LOX tank from the LCC. The countdown sequence wds restarted at T-22
minutes and completed successfully.

Fioure 3-1 shows the electrical circuits associated with this anomaly and
the followina is a description of the functional operation of the circuits.

The T-167 second command from the TCS (Channel 3) is supplied to the
Mobile Launcher (ML) Integration Patch Distributor to energize relay

K3 which supplies a 28V signal to the ML S-IVB Patch distributor. This
signal is used to initizte 1) S-1VB LOX tank vent closed, 2) S-1vB

LOX tank pressurization valve open, and 3) energize relay K577 "Time for
LOX Tank Pressurization." Without relay K577 energized the "S-IVB

LOX Tank Pressurized” interlock relay K536 cannot be energized even if

3-4 )
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Figure 3-1. Electrical Support Equipment partial Schematic
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relay K492 "LOX Tank Minimum Low Pressure OK" is energized by manually
pressurizing the LOX tank. When X536 is not energized the "S-IVB
Ready for Laurncn” relay K607 will not provide a signal to the ML S-IC
Patch Distributor "S-1VB Ready for Launch” relay K972 to complete the
interlock chain to allow relay K465 “Swing Arm No. 1 Retract Prepara-
tion Complete” to be energized. If K465 is not energized when the
+.30 second TCS command (Swing Arm No. 1 Carrier Retract) is received,
a cutoff command will be initiated and a countdown hold will occur.

when the above condition occurred, the absence of the TCS T1-167 second com-
mand was confirmed on the Digital Events Evaluator-6 (DEE-6) printout.
Investigation of the DEE-6 printout disclosed that the T-176 second spare
output from the TCS also did not occur. After jnvestigation of various
combinations of lost outputs and associated fixes, it was determined that
the "LOX Tank Pressurized" relay K536 could be bypassed by moving the "LOX
Tank Pressurized Bypass" Jjumper from "INHIBIT" to "ON" position. This
jumper is located on S-1VB Patch Distributor in the LCC. The failure

was simulated and the "Work-Around" was verified at the MSFC Saturn V

SDF and a decision was made to proceed with the launch using the inter-
lock bypass and manual pressurization. During the successful Taunch

all TCS outputs were obtained except the T-176 second spare output.
Therefore, the bypass and manual pressurization procedures were actually
redundant to the normal circuitry.

Investigation ¢f this failure at KSC subsequently centered on two diodes
located in the logic circuitry of the TCS. One of these diodes
inhibited the T-167 second s-TVB LOX Tank Pressurization command and

the other inhibited the spare output. The two failures are functionally
unrelated in the TCS circuitry. Excessive reverse current leakage
through the partially shorted diodes caused intermittent operation of
TCS outputs. The two failed diodes had been in service six years.

Each TCS contains 1,827 of these diodes with approximately 1500 of

these capable of causing a Jaunch hold or scrub if they failed between
CODT and launch.

Testing of all similar diodes is being conducted where feasible. Of
2196 diodes tested, 7 additional diodes exhibited reverse current
leakage in excess of the spezification. The diodes that failed along
with a number of non-failed diodes from the same printed circuit

boards were subjected to extensive analysis. The following four causes
of failure have been postulated: 1) inyersion layer formation, 2)
accumulation layer formation, 3) metallic precipitates in the depletion
layer cr 4) contamination in cracks partially or completely across the

depletion layer.

Since deposition of contamination in microscopic cracks (Figure 3-2)
was consistently observed in the failed diodes, this is considered to
be the most probable failure mode. However, the investigation as to
the cause of the cracks and subsequent contamination deposition is
¢till underway and cannot be considered conclusive at this time.



gy, wrN o t o s A e am el o e —————— s

RADIAL CRACKS ‘\ ™

GE S1N4449

|
>

ANDE SILVER

BUTTON COMTACT
T SILICON OXIDE

3 PASSIVATION - g—“ '
t

. h el

6 MILS ZRADIAL CRACKS _bL

l P ZONE
jo—20 nus————{—/
Figure 3-2. Diode Chip Detail
i

3-7



The "Work-Arcund” with the TCS at KSC that resulted in a satisfactory
terminal countdown would not be acceptable if a problem occurred with
the TCS during the Skylab-2, -3, and -4 countdowns due to the short
launch windows.

The following activities will be accomplished prior to the Skylab
launches in order to eliminate the possibility of another failure.

a. The dicdes will be tested and replaced as required in each of the
existing TCS's to assure reliable performance.

b. Pad 39A and Pad 39B will be modified to provide three TC3's in each
launch vehicle ESE rather than the present one.

c. Incorporate voting logic so that any two of the three TCS's will
assure that the proner signals are provided.

d. A1l unused signals from each TCS will be unpitched and grounded so
there will be no possibility of them causing problems.

The above activities will reduce the probability of a false command
beino initiated and also assure that no single electrical failure
will result in loss of the proper terminal countdown cummand.

3.4 PROPELLANT LOADING
3.34.1 RP-1 Loading

The RP-1 system successfully supported countdown and launch without
incident. Tail Service Mast {TSM) 1-2 fill and rep.enish was accom-
plished at T-13 huurs and S-IC level adjust and fill line inert

occurred at about T-60 minutes. Both operations were satisfactory, there
were no failures or anomalies. Launch countdown support corsumed 213,304
gallons of RP-1.

3.4.2 LOX Loading

The LOX system supported countdown and launch satisfactorily. The

£fi11 seauence began with S-1VB fill command at 12:34 EST, December 6,
1972, and was completed 2 hours 4C minutes later with all stage replenish
normal at 15:15 EST. Replenishment was automatic through the first
Terminal Countdcwn Sequence but was switched to manual when S-1VB

flight mass began cycling shortly before final countdown. This con-
dition has been experienced during some previous loading operations

and is a result of trapped LOX warming in the S-IVB inlet line. The
LHp/LOX Auto Load allows for manual replenishment when such cycling
occurs.

When LOX loading was reinitiated shortly before recycling to 7-22
minutes, LOX system logic did not reestablish replenish operations as
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expected. Instead, it sequenced into & dual mode configuring simul-
taneously for both nyehicle replenishment" and "S-1C chilldown.” In
this posture, the S-1C siov £i11 valve was opened allewing LOX tO be
pumped directly into the stage resulting in 3 slight overfill. The
system was manually reverted toO prevent further overfill. Subse-
quent jnvestigation reve2led that an s-1C discrete necessary for
normal replenishment was wissing when loading operations were
r.sumed.

A real time procedure charge to LOX/LH2 auto load, was prepared to ini-
tiate the discrete manually. Replenishment operations were reinitiated

and continued normally through launch. This procedure change, whic

requires manual issue of Propellant Tanking Computer System (PTCS) discretes
if tank level js at or above 98%, will prevent problem recurrence.

LOX consumption during Jaunch countdown was 618,000 gallons.
3.4.3 LHp Loading

The LHp system successfully supported countdown and launch. The fiN
gequence began with start of s-11 loading at 15:27 EST, Decerber 6, 1972,
and was completed o5 minutes later when all stage replenish was
established at 16:52 EST. 5-11 replenish was automatic until terminated
- at initiation of the Terminal Countdown Sequencer. Intermittent overs
£i11 indications were experienced‘after 5-1v8 auto replenish was

achieved and rad to be jnhibited to avoid unnecessarily cycling the
replenish valve. S-IV8 replenish was switched to marnual at T-1 hour

and left in that mode through start of Terminal Countdown Sequencer

at T-137 seconds.

During recycle operations at 7-30 seconds the LH2 system was reverted
normally. Fi11 operations were reestablished when count was resumed and
both stages replenished normally to flight mass.

Launch countdown support consumed about 520,000 gallons of LHz.

3.5 GROUND SUPPORT EQUIPMENT

3.5.1 Ground/Vehicle Interface

In general, performance of the ground service systems supporting all
stages of the launch vehicle was satisfactory. verall damage to the

pad, LUT, and support equipment from blast and flame jmpingement was
considered minimal.

The PTCS adequately supported all countdown operations and there was nd
damage Or system failures.

The Environmental Control Systew (£CS) successfully supported the AS-512
countdown. All specifications for ECS flow rates, temgeratures, and

pressures were met and flow/pressure criteria were satisfactory during

3-9



the air to Gl, changeover.

At T-48 hours, ECS chiller No. 1 shut down due ¢ a low refrigerant
charge. The redundant chillers were placed in operation and Freon added
to chiller to. 1. Mo jmpact resulted.

At T-2 minutes the s-1C forward lower compartment temperature indication
became inoperative. Redundant measurement systems were utilized and
no impect resulted.

The Holddown Arms and service Arm Control switches (SACS) satisfactorily
supported countdown and jaunch. All Holddown Arms released pneumatical]y
within a six (6) millisecond period. The retraction and explos.ve

release lanyard pull was accomplished in advance of crdncnce actuation
with a 42 millisecond margin. Pneumatic release valves 1 and 2 opened
within 21 milliseconds after SACS armed signal. The SACS primary swit.hes
closed simu'taneously at 449 milliseconds after commit. SACS secondary
switches closed 1.154 and 1.163 seconds after commit.

gverall performance of the Tail Service Masts was satisfactory. Mast
retraction times were nominal; 2.760 seconds for TSM 1-2, 1.980 seconds
for TSM 3-2 and 2.685 seconds for TSM 3-4, measured from umbilical
plate separation to mast retracted.

The'preflight-ahd inflight Service Arms (S/A's 1 through 8) supported
the countdown in a satisfactory manner. performance was nominal during
terminal count and 1iftoff.

The DEE-3 system adequately supported all countdown operations. A
discrepant printed circuit board was replaced in the FR 1 subsystem

and a failed vacuum motor was replaced in the Pad A DEE-3D magnetic

tape station. The pad A DEE-3F magnetic tape station became inonerative
subsequent to the propellant loading operations. The remainder of the
countdown was supported by backup tape and line printer recordings.

There was no launch damage.
3.5.2 MSFC Furnished Ground Support Eaquipment
Ot-er than the TCS anomaly discussed in Section 3.3, the MSFC furnished

electrical and mechanical grcund support equipment successfully sup-
ported the Apollo 17 launch.
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SECTION 4
TRAJECTCRY

4.1 SUMMARY

The vehicle was launched on an azimuth 90 degrees east of north. A roll
maneuver was initiated at 13.0 seconds that placed the vehicle on a
flight azimuth of 91.504 degrees east of north. In accordance with
preflight targeting objectives, the translunar injection maneuver shortened
the translunar coast period by 2 hours and 40 minutes to compensate

for the launch delay so that the lunar landing could be made with the
same lighting conditions as originally planned. The reconstructed tra-
jectory was generated by merging the following four trajectory segments:
the ascent phase, the parking orbit phase, the injection phase, and

the early translunar orbit phase. The analysis for each phase was con-
ducted separately with appropriate er point constraints to provide
trajectory continuity. Avajlable C-Band radar and Unified S-Band (USB)
tracking data plus telemesered guidance velocity data were used in

the trajectory reconstruction.

The trajectory variables from launch to Command and Sérvice Module

(CSM) separation are discussed below and, in general, were close to
nominal. Because the s-11 Outboard Engine Cutoff velocity was higher

than nominal, earth parking orbit jnsertion conditions were achieved

4.08 seconds earlier than nominal. Translunar Injection (TLI) condi-
tions were achieved 2.11 seconds later than nominal with altitude 5.8
kilometers greater than nominal and velocity 5.1 meters per second less
than nominal. CSM separation was Comander initiated §7.9 seconds earlier
than nominal resulting in an altitude 306.1 kilometers less than nomi-

nal and velocity 91.7 meters per second greater than nominal.

4.2 TRAJECTORY EVALUATION

8.2.1 Ascent Phase

The ascent phase spans the interval from guidance reference release
through parking orbit insertion. The ascent trajectory was established
by using telemetered guidance velocity data as gene-ating parameters to
fit tracking data from six C-Band stations (Mer. itt Island, patrick Air
Force Base, 6rand Turk, germuda FPQ-6, Bermuda FPS-16M and Antigua)

and two S-Band stations (Merrite Island and Bermuda). Approximately

13 percent of the C-Band tracking data and 42 percent of the S-Band
tracking data were not used because of inconsistencies. These values
are consistent with past experience. The launch portion of the

ascent phase (1:ftoff to approximately 20 seconds) was established by
constraining intagrated televetered guidance accelerometer data to the
best estimate trajectory.
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Actial and nominal altitude, surface range, and crossrange for the
ascent phase are presented in Figure 4-1. Actual and nominal space-
fixed velocity and flight path angle during ascent zre shown in

fFigure 4-2. Actual and nominal comparisons of total non-gravitational
accelerations are shown in Figure 4-3. The maximum acceleration during

S~ 1C burn was 3.87 q.

Mach number and dynamic pressure are shown in Figure 3.4, These para-
meters were calculated using meteorolcgical data measured to an altitude
of 8.3 kilometers (31.5 n mi). Above this altitude, the measured data
were merged into the U.S. standard Reference Atmosphere.

Actual and nominal values of parameters at significant trajectory event
times, cutoff events, and separation events are shown in Tables 4-1,

4-2, and 4-3, respectively. A1l trajectory parameters were close to
nominal throughout ascent. The space-fixed velocity was 25.6 m/s {(84.0
ft/s) higher than predicted at the end of S-11 powered flight. This
difference is somewhat greater than usual and is discussed in Section 6.3.

4.2.2 parking Orbit Phase

Ortital tracking was accomplished by the NASA Manned Space Flight
tetwork. Three C-Band stations (Merritt Island, Antigua and Carnarvon)
provided four data passes. Six s-Band stations (Goldstone, Bermuda,
Texas, Merritt Island, Hawaii and Ascension) furnished eight additional
tracking passes. :

velocity data generated by the ST-124M guidance platform were used to
derive the orbital non-gravitaticnal acceleration (venting) model. The
parking orbit trajectory was obtained by integrating a comprehensive
force model (gravity plus venting) with corrected insertion conditions
forvard to T6 at 10,978.65 seconds (03:02:58.65). The jnsertion condi-
tions were obtained by using the force model and a differential cor-
rection procedure to fit the available tracking data.

A comparison of actual and nominal parking orbit jnsertion parameters

is presented in Table 4-4. The groundtrack from jnsertion to S-1V8/

CSM separation is given in Fioure 4-5. A1l orbital trajectory variables
were close to nominal.

1.2.3 Injection Phase

The injection phase spans the interval from 16 to TLI and was established
in two parts (76 to 11,500 seconds and 11,500 seconds to TLI). The first
part was obtained by fitting data available fros one C-Band station
(Carnarvon) and three s-and stations (Texas, Goldstone, and Merritt
Island). The second part was obtained by integrating a state vector

taken from the first part at 11,500 seconds (03:11:40) through second

burn and constraining the integration tc 2 final TL! state vector taken
from the early translunar orbit trajectory. Telemetered guidance velocity
data were used as generating parameters for both parts.

8.2
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Table 4-1. Comparison of Significant Trajectory Events

Lvent PANARLTIER ACTUAL a0m; WAL ACT -80m

Filest Mgtion fange Tieme, sec 0.28 0.24 0.60

Tots! lon-Gn-iuuon’l

Accelerotion, o/ 10.60 10.5% 0.08

(fe/s ; (36.79) 138.61) (0. 1)

(¢ (1.08) (1.08) (0.00)

wech 1 fgnge Time, sec 7.5 67.8 0.1
Altttede, bn 8.0 7.9 0.9

(ot} (4.3) (4.3) (0.0)

fasiews Dyageic Pressure Range Time, sec 02.% 0.3 -1.0
Dynamic Prescure, olc,’ 3.36 3.27 0.09

[QI X V2250 ] (r01.75) (682.9%) (18.00)

Altttude, b® 13.% 13.1 -0.2

(om1) (r.1) (r.2) (-0.1)

o Ngstays Tetal Nea-Grgvitatioes!

Accelevation- $-1c Range Time, sec 161.20 139.34 21.08
lccnlov.t'.t -I! 37.9% 37.19 e.7¢

tht ) (124.51) (122.01 (2.50)

(3.87) (3.79 (0.00)

$-11 Range Time, sec "0 .21 261.68 -0.47

Accelerstion, -I, 17.07 16.97 0.10

(ull ) {56.00) (55.48) (0.32

(1.28) (1.23) (0._9]

S-1Y® Firnt Byom fange Tieme, soc 702.66 706.74 -4.080
Accelerattion, o/ 2 6.54 6.62 -0.00

(ft/s ‘ (21.88) (21.72 ’-..26

(¢ (v.67) (6.60 -0.0¢

it Second Burn Pange Time, sec 11,907.65 | 13,.9035.54 2.n
lculou"oo. -I, 13.5¢ 14.10 -9.28

nls ) (45.87) (46.2¢ z-..n

(1.83) (1.88 -9.03

estgsteee Lorth-Fired

velectity: $-1C flange Time, sec 162.68 163.38 -1.38
velecity, o/ 2.378.8 2,362.0 10.6

(fess) (7,790.0) | (7,7%2.8) (38.0)

$-11 Range Tive, sec 548.60 s61.18 -8.%4

Velectty, o/s 6,573.8 6,548.2 25.6

{fess) H‘"'“' 6) J(21.403.6) | (s0.®)

$S-178 First Bers Renge Tiee, sec 712.66 1e.re -4.08
nlo‘n{ 'Il 7.38%.6 7,305.% -C.i

F26,231.0) }(20,232.0) (1.0

$-178 Secssé Sers Paege Tise, sec 19,900.50 | 11,90%.7% 2.7%

Yelectt -Ia 10,02%.2 10,429.% ."1

f 3,203.48) (ll.lli $) j(-140

® Seorest Tioe Priets Mvatledle
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Table 4-2. Comparison of Cutoff Events
vasAWETER l scTuAL 1 [Ty l ACT-%0" ACTUML I woninAL l ACT-u0®
510 CLCO (EnGInE SOLENOID) .1¢ 76€0 (ENGINE SOLEMID)
Songe Time, s€C 11%.30 11934 -0.08 161.20 16165 .0.47
""“‘7' " (20 0 (z;‘.i’ it u:‘.iz (::‘.6; (-f)fii
e e | L | o L] e
ilc'-t‘ Poty Anglie. o9 23.19¢ 23.29%6 -0.09/ . 829 20.472 -n.cas
Nesding Angie, de9 91.3%% 1 .553 -0.198 [ S 91.892 .0.178
Sertace Bemael e Sl e (oo i1 IRAFE Bt
tross Pemee S (oc."lf (o?i: (-:i') Io?i: (o . |.;?i:
Crovs semge Tl S W ad | et (1) A Pt
$-11 CECO (EeGINE SOLENDID! <11 0CCO (ENGINE SOLEMOID)
Deage Time, se€c 261.2" 401.68 -0.87 859 .66 $60.1) .0.687
sy A gl e o) ol
space-#1nes tetectiyy AR FTTS uo°s: nn’.a‘rg' » u;’.ig (22. 9:;°l‘) uz‘i::‘t? uﬁbg
fligat Pate Angle, de9 -0.0%8 -6.00% 8.027 0.2548 0.2¢7 0.007
sesgieg Sagle. o o7.687 o1.571 0.076 100.19% 100.333 0.062
Curfoce Ronge. 1.095.0 1,993.0 2.0 1.687.6 1,653.6 .0
I) (591.3) (500 2) (1.1} (895.0) (l92 9) (z.1)
crons tosee S (1078 LA et T Wit ol
e s t umi: u‘zf'.ﬁ (zz‘.i’ u;:fig (c:?.i’) (u‘.ig
S1v8 15T GUIDASCE CUTOFF SIEAAL <-178 ZWS GUIDASCE CUTOFF SICRAL

tange Tiwe, tecC 702.¢9 706.78 .4.09 11,507.6¢ 17,905.58 2.10
ot s o | o] omal o oB] ol
seace-frses velecttr 008 e, At (2slive ) e RLF A S AR Y
sligat Pate Begle, 609 0.038 -9.002 s.003 6.930 6.708 0.144
sesgteg Sogle. 609 108,718 106.700 | -9.062 118.086 117.967 0.079

Sertoce espe. to u',iﬁfif ufi:‘r’.i; (a8

cress Bl (e o5t | ol

Cross Gasqe niuﬂz olg (.;:‘.l’ “:519-‘; (.‘j:
leclteation, 608 28.473 28.023 0.0%0
Sescesaieg Sose. $99 0% 960 06.149 -0.088
tecentricity 0.9707 e.9708 | -9.0088
"lv:;’r::) r.‘;'.-afrﬂf -t;‘o::’o:“ .c.z’o::’
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Table 4-3. Comparison of Separation Events
PARAMETER | ACTUAL | wominar | act-non

$-1C/5-11 SEPARATION
Range Time, sec 162.9 1€3.4 -0.%
Alt) tude, ke 68.1 68 .4 -n 3
(nmt) (3e.o} 136.3) (-0.1)
Space- <Fined vﬂodty. a/s 2,154.2 2.,7%1.7 2.5
(fers) (9.038.1) (9,027.9) (8.2)
Flight Path Angle, deg 20.1%1 20.208 -0.087
Heading Angle, deg 91.741 91.915 -0.174
Surface Range, ke 9.7 95. -0.6
(i) (s1.1) (s1. 5) (-0.8)
Cross fRange, km 0.3 0.6 -0.3
(nm1) (0.2) (0.3) (-0.1)
Cross Range Velocity, ®/s 6.7 14.5 -7.8
(fess) (22.0) (47.6) (-25.8)
Geodetic Latitude, deg N 28.580 28.5717 0.003
tongitude, deg E -79.637 -79.630 -0.007

$-11/5S-1V8 SEPARATION
Range Time, sec 560.¢ 561.1 -0.§
Altttude, k» 172.6 ' 172.1 0.5
(nmt) (93.2) (92.9) (0.3)
Space-Fized Velocity, /s 6.992.8 6,967.2 (25.6)
(fers) (22,942.3) !ZI.BSI 3) (84.0)
Flight Path Angle, dey 0.244 0.236 0.008
Hesding Angle, de9 100.424 100,353 0.060
surface Range, im 1,663.6 1,660.1 3.8
(ned (898.3) {896.4) (1.9}
Cross Range, ko 35.0 4.6 0.4
{nmi) (18.9) {(1s.7) (0.2)
Cress Range nloclty. e/s 195.3 189.3 6.0
t/s) (640.7) (621.1) {19.6)
Gesdetic Latitude, deg N 26.865 26.874 -0.009
Longitude, deg E -63.831 -63.066 0.033

$-1¥8/CSR SEPARATION
Range Tise, sec 13,347.6 13,405.5. -57.9
Altitede, ko 6,606.4 6,912.5 «306.1

{nmt) (3,567.2) {3,732.9%) (-165.3)
spsce-Fized Yelocity. e/s 7.728.7 7.633.0 ”".?
i (ress) (zs 303.5) (25,082.7) (300.8)
Flight Peth Angle, deg 44.100 44.8047 -0.667
Neading Angle, deg 102.797 102.166 0.63)
Geodetic Lattitude, deg B -25.716 -25.944 U.228
Lengitede, dog £ 11.300 13.161 -1.261
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Table 4-4. Parking Orbit Insertion Conditions
PARAMETER ACTUAL NOMINAL ACT-NOM
Range Time, sec 712.66 716.74 -4.08
Altitude, km 170.5 170.3 0.2
(nmt) {92.1) (92.0) (0.1)
Space-Fized Yelocity, m/s 1,.,804.1 7.808.3 -8.2
o - (fe/s) {25,604.0) (25.604.7) (-0.7)
Flight Path Angle, deg 0.003 -0.001 0.004
Heading Angie, deg 105.021 105,082 -0.061
Incltnation, deg 28.526 28.524 0.002
" Descending Node, deg 86.978 87.024 -0.046
Eccent tcity 0.0000 0.0001 -0.0001
Apogee, km 167.2 167.4 -0.2
e '(npi) (90.3) (92.4) (-0.1)
Perigee, km 166.6 166.6 0.0
{nmi) (90.0) (90.0) (0.¢)
Period, min 87.83 87.83 0.00
Geodettic Latitude, deg N 24 .680 24.642 v.038
Longitude, deg € -53.810 -53.633 0 '774J
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Comparisons between the actual and nominal space-fixed velocity and

flight path angle are shown in Figure 4-6. The actual and n

non-gravitational acceleration comparisons are presented in Ficure 4-7.

ominal total

The lower than nominal velocity and acceleration shown in Fioures

" 4.6 and 4-7, respectively,

clinhtly loncer than nomin

are due to the heavier S-IVB stage resulting
from the 4.08 seconds early first S-1VB cutoff. The actual and nominal

s-1v8 second guidance cutoff conditions are presented in Table 4-2.
al burn compensated for the heavier S-1VB

stage and resulted in near nominal conditions at cutoff.

4.2.4 Early Translunar Orbit Phase

The early translunar orbit trajectory spans the interval from translunar

injection to $-1VB/CSM separation. Trackino data from one C-Band

the procedure outlined in

injection conditions are compared in Table 4-5. The S-IVB/CSM separation
conditions are presented in Table 4-3. The large differenc

_station (Carnarvon) and one S-Band station {(Ascension) were fitted using

4.2.2. The actual and nominal transiunar

separation were due to the earlier than nominal separation

 wWas prugpdgrAinitiated.

es at CSM
time which

The

Table 4-5. Translumar Injection Conditions
PARAME TLR ACTUAL NOMINAL ACT-NON
Range Time, sec 11,917.65 11,915.54 2.1
Altitude, &® 313.5 307.7 5.8
{nmi) {169.3) (166.1) (3.2)
Space-Fined Velocit{;t7£= <(3;°;g=7;? (3;0§:=251 -5.1
. .554. ,571.2) (-16.7)
Flight Path Angle, deg 7.384 7.240 0.1448
Hes-ing Angle, deg 118.1V6 ’ 118.039 0.027
faclination, deg 20.474 28.423 0.051
pescending Node, deg 86.061 86.149 -0.088
Eccentricity 0.9720 0.9720 -0.0n001
¥ -:/sg -1,695,985 1,689,026 -6,959
reé/sf) (-18,255,431) {-18,180,525) (-74,906)
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SECTION 5
S-I1C PROPULSION

5.1 SUMMARY

A11 S-IC propulsion systems performed satisfactorily. In all cases, the
propulsion performance was very close to the predicted nominal. Overall
stage site thrust was 0.30 percent higher than predicted. Total pro-
pellant consumption rate was 0.16 percent higher than predicted and the
total consumed mixture ratio was 0.002 percent higher than predicted.
Specific ‘mpulse was 0.14 percent higher than predicted. Total propellant
consumption from Holddown Arm (HDA) release to Outboard Engines Cutoff
(OECO) was low by 0.14 parcent.

Center Engine Cutoff (CECO) was initiated by the Instrument Unit (1U)

~ at 139.30-seconds, 0.02 seconds earlier than planned. OECO was jnitiated

by the fuel depletion sensors at 161.20 seconds, 0.47 seconds earlier than
predicted. This is well within the +5.99, -4.22 second 3-sigma limits.

At OECO, the LOX residual was 36,479 1bm compared to the predicted 37,235
1bm and the fuel residual was 26,305 1bm compared to the predicted 29,956
Tbm.

The S-1C hydraulic system performed satisfactorily.
5.2 S-IC IGNITION TRANSIENT PERFORMANCE

The fuel pump inlet prestart pressure of 45.3 psia was within the F-1 engine
acceptable starting region of 43.3 to 110 psia.

The LOX pump inlet prestart pressure and temperature were 81.3 psia and
-287.3°F and were within F-1 engine acceptable starting region, as shown
by Figure 5-1.

The planned 1-2-2 F-1 Engine start sequence (Engines 5, 3-1, 4-2) was
not achieved. Two engines are considered to start together if both
thrust chamber pressures reach 100 psig within 100 williseconds. 8y
this definition, the starting order was 2-1-1-1 (Engines 5-3, 1, 4, 2).
The buildup times of all five engines as measured from engine control
valve open signal to 100 psig chamber pressure, Table 5-1, were faster
than predicted, although within specifications. The 2-1-1-1 start
sequence had no adverse affect on either propulsion system performance
or on the structure.

5-1
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Table S-1. F-1 Engine Sysiems Buildup Times
SUILDUP TINE, SECONDS
ENGINE 1 ENGINE 2 ENGINE 3 ENGINE 4 ENGINE S
Predicted® 4,055 3585 3.9 3.990 3,913
Actual® 3.862 % .861 3.605 3.669 3.819
Difference 0.155 0.104 0.320 0.321 0.114
Direction l Fast Fast ; Fast Fast fast

valve open signal to 100

All times corrected to rominal prestart conditions

The desired 1-2-
AS-508, and AS-510.

adjusted to achieve the
individual engine firings and the single

ment obtained froam static

desirea start sequence

and

psig combustion chamber pressure

2 start sequence »as also not achieved on flights As-5C7,
The timing of the start signals to each engine is

js based on data from

5-2

firing. Typically,

data sample i

n the stage environ-

a wide dispersion of start
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times is observed at the stage static firing. This dispersior is
attributed primarily to the differences between the stage conditions and
single engine test stand conditions. Adjustments made between stage static

.. firing and_launch have been effective in reducing the dispersions sub-

stantially. However, jt is apparent from review of data from all the
saturn V launches, that the system cannot be fine tuned accurately enough
to consistently assure the desired start sequence within the 100 ms
criterion. This Fact is probably attributable to a combination of the

limited data sample in. the stage environment and typical engine start

time dispersions even under controlled conditions.

The siructural implications of a non-standard engine start sequence
for the Skylab mission have been examined considering significantly
larger dispersions than experienced on AS-512 and other Saturn V flights,

_and_there_is .no concern. Accordingly, no modification of the present

engine start sequence imp]ementation is planned.

The reconstructed propellant consumption during holddown (from ignition
command to holddown arm release) was 75,090 1bm LOX (67,031 ibm predicted)
and 22,015 1bm fuel- {18,764 1bm predicted). The greater than predicted
propellant consumption during holddown was due to the faster engine start
and longer burn before holddown release. The reconstructed oropellant

load at holddown arm release was 3,239,298 1bm LoxX (3,243,932 1bm predicted)
and 1,409,906 1bm fuel (1,815,766 1bm predicted). _ -

Thrust buildup rates were as expected, as c<hown in Figure 8-2.

9.0 v Y 2.0

8.0

1.0

/ ————— .
: /

6.0

/) //

< 7/ :
e : \L/// S
R EACINE 3 =~ ENGINE 2 -
= { ] —1 L oo
2 4.0 1 4 1 { g
?_ EGINE S \J/ I EnGIng 4 g

3.0 l —

! |1 ocue |
2.0 0.5
1.0

) :

0 4
-5.0. -4.) -3.0 -2.0 -1 ] 1.3
UNGE TIME, SECMDS

Figure 5-2. s-1C Engines Thrust Buildup
5-3



The engine Main Oxidizer Valve (MOV), Main Fuel Valve (I'FY), and Gas
Generator (GG) ball valve opening times were nominal.

78377 s.1C MAINSTAGE PERFURMANCE

S-1C stage propulsion performance was satisfactory. Stage thrust, specific
impulse, mixture ratio, and propelliant flowrate wer2 near ncminal pre-

. ._dictions as shown_in Figure 5-3. The stage site thrust (averaged f-om time

zero to OECO) was 0.30 percent higher than predicted. Total prope.lan®
consumption rate was 0.16 percent higher than predicted and the total con-
sumed mixture ratio was 0.002 percent higher than precicted. The speci-
fic impulse was 0.14 percent higher than predicted. Total propelliant
consumption from HDA releace to OECO was lev: by G.14 percent.

For comparison of F-1 engine fiight performance with predicted performance
the flight performance has been analytically reduced to standard condi-
tions and compared to the predicted performance which is based on ground
firings and also reduced tc standard conditions. These comparisons are
shown in Table 5-2 far tne 35 to 38-second time slice. The iargest thrust
deviation from the predicted value was -7 k1bf for engine 2. Engines 1
and 5 had lower thrusts than predicted by 6 and 1 k1bf, recpectively.
Engines 3 and 4 had higher thrust than predicted by 1 and 2 k1bf,
respectively. Total stage thrust was 11 K1bf lower than predicted for an
average of -2.2 klbf/engine. These performance values are derived from

a reconstruction math model that uses a chamber pressure and pump speed
match.

An 11 Hz, 8 psi peak amplitude, oscillation was observed in the S-iC
Engine No. 2 fuel suc.ion line inlet pressure. This oscillation was

also observed during S-1C-12 static test and dispcsed of ct that time

as no problem. This phenomenon is a self-induced uscillation charac-
teristic of the F-1 fuel pump and has been observed on previous flights.
The oscillation is Net Positive Suction Pressure (NPSP) dependent and its
sensitivity varies from engine to engine. The stage accelerometer data
are nominal at 11 Hz and comparable to that of previous flights, indicating
the vehicle structural gain at this frequency is small.

The ambient gas temperature under Engine No. 1 cocoon increased shortly
after liftoff and exceeded previous flight data from approximately 30 to
65 seconds by a maximum of about 13°C. After 100 seconds the tempera-
ture returned to a normal level and remained similar to the cocoon
ambient temperature level for the other engines. The increase in the
ambient gas temperature did nct affect engine performance during flight.
The two most probable causes of the temperature increase are: 1) a
minor hot gas leakage from the Gas Generator drain port plug which
subsequently sealed, 2) a temporary loss of cocoon insulation integrity
(possible lToose combustion drain access cover) which later corrected
jtself. Both of these possible causes for the cocoon ambient temperature
rise are discussed in detail in Section 13.2 Vehicle Thermal Environment.

5-4
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.4 $-1C DNGINE SHTIOWN TRANSIENT PERFCRYANLE

(V1)

+re F-1 engire thrust decay sransient was nominal. Tre cutoff irpulse,
reasured -from cutoff signal %o zero thrust, was €69.632 1bf-s fcr the
center engire (0.1 percent less than predicted) and 2,593,423 ivf-s
for all outboard engires (3.0 ercent oreater than predicted). The
total stage cutoff irpulse of 3,263,055 16f-s was 2.3 percent greater
than predicted.

Center engine cutoff was initiated by the IU at 119.30 seconds, 0.062
second earlier than planned. Cutoff signal to tre outboard engines

was initiated by fuel depletion and occurred 0.47 second earlier than

the nominal credicted time of 161.67 seconds. The fuel depletion cutoff
was caused by the higher tran predicted fuel density due to chilldown

of the ‘uel during -re 2 .hour 40 xminute hold and the slightly higher than
nopiral tatch fuel gensity for this flignt. The early cutoff was due
nainly o slightly higher than credicted stage site thrust (0.03 percent
higher) and tre accospanying higher propellant flowrates.

£.5 S-1C STAGE PQQEELU!IT_ MANAGEMENT

The S-1C stage does not have an active propellant utilization system.
winioue resicuals are obtained by atterpting to load the mixture ratio
expected 20 e consured by the engines plus the predicted uynusable
residuals. #n analysis of the residuals experienced during 2 flight

{s a good measure of the performance of the passive propellant utiliza-
tion system.

the residual LOX at 0ELN was 36,479 1tm compared to the predicted
value of 37,235 ltm. :n€ fuel residual at OECO was 26,305 1te compared
20 the predicted value of 29,956 1tm. A suwmary of the propellants
remaining at major evert times 1S presented in Tadle 5-3.

5.6 S-1C PRESSURIZATION SYSTESS
5.6.1 s-1C Fuel Pressurization Systea

The fuel tank pressurization svstem performed satisfactorily, keeping
ullage pressucre within acceptable limits during flignt. Helfum Flow
Control Yalves (HFCY) %o. 1 through & opened as planned and WFCY No. 5

ws not required.

The low flow prepressurization systems was comanded on 3t -97.0 seconds.
The low flow system was cycled on 3 second time at -3.1 seconds. High
flow pressurization, accomplished by the onboard pressurizatioa systes,
performed as expected. HFCY %o. 1 was comsanded on at -2.7 and

s supplesented by the ground high flow prepressurization systes wntil
wbilical dfscomnect.

fuel tank ullage pressure was within the predicted limits throughout

5.7

P PR

Se
Laas



_ Table 5-3. . S-IC Propeliant Mass History

LEVEL SENSOR RECORSTPUCTED, LB®
14,3 11 POEDICTED, LD DATA, LDM (DEST TSTIMTE)
101 (21 38 L0t UL ton FUlL

fgnition Comens | 3.310.963 vass | - Ve | aava3m | ot e

Polegoun L= y2e.932 | 1.e1s.766 | 3.203.550 | 1.410.0% 3.209.29¢ | 1.009.906

felesse

o 493 818 187 .91 393 299 181,418 398,064 182,160
e {o ] | - w.ps |- -nee ] w0 .3 3%.479 2% .30%
Seperation nJgn %.992 .- .- 0,777 3,6
lere Twrwst SLIC 26,308 - - 30,645 2,05

-

Pregicted nd recomttructet values t0 w0t inclode sressarization ot 30 they will compore with
level temvr 4%,

flignt as shown by Figure 5-4. HFCY No.'s 2, 3 and 4 were comsanded open
during flight by the switch selector within acceptadble limits. Helium
bottie pressure was 3000 psia at -2.8 seconds and decayed to 475 psia

at 0ECO. Total helium flowrate was 3s expected.

Fuel pusmp inlet pressure was mintained above the recuired minfmm Net
fosisive Suctlion Pressure (s 3P) during flight.

5.6.2 S-IC LOX Pressurization System

Tre LOX pressurization system performed satisfactorily and 211 perfor-
mance requiresents were met. The ground prepressurization system main-
tained ullage pressure withia acceptable limfts until launch comit.

The onboard pressurization systes performed satisfactorily during flight.

The prepressurizatioa system was faftiated at -72.0 seconds. Ullage
pressure increased to the prepressurization switch band and flow was
terainated at -58.3 seconds. The low flow systes was cycled on three
sdditional times at -42.9, -25.8, and -5.8 seconds. At -4.7 seconds,
the high flow system was commanded oa and meintained ullage pressure
within acceptadle liwits until Taunch commit.
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Figure 5-4. S-1C fuel Tank Ullage Pressure

ullage pressure Was within the predicted limits throughout flight as
shown §n Figure 5-5. 60X flowrate to the tank was as expected. The
saxisum GOX flowrate after the inftial transient was 48.3 1bm/s at CECO.

The LOX pusp inlet pressure set the minimm WNPSP requirerent throughout
flight.

s.7 S-1C PXEUMATIC CONTROL PRESSURE SYSTEM

The control pressure systes functioned satisfactorily throughout the
s.1C fiight.

Sphere pressure s 2970 psia at 1iftoff and resained steady until CECO
when it decreased to 2850 psia. The decreise was due to center engine
prevalve actuation. There was a further decrease to 2475 psia after
0ECO. Pressure regulator performance was within 1imits.

The engine crevalves were closed after CECO and OECO as required.

5.8 ¢ IC PURGE SYSTEMS

performance of the purce systems was satisfactory during flight.

5-9
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Fiqure 5-5. S-IC LOX Tank Ullage Pressure

The turtopump LOX seal storage sphere pressure of 2955 psia at liftoff
was within the prestart limits of 2700 to 3300 psia. Pressure was
within the predicted envelope throughout flight and was 2805 psia at
0€Co.

The pressure regulator performance throughout the flight was wishisn the
85 +10 psig limits.

5.9 S-1C POGO SUPPRESSION SYSTEM
The POGO suppression system perfdrned satisfactorily during S-1C fliaht.

Outtoard LOX prevalve tesperature measurements jndicated that the pre-
valve cavities were filled with gas prior to 1iftoff as planned. The
four resistance thermometers behaved during the AS-512 flight similarly
to the flight of AS-511. The tesperature measurements ia the outboard
LOX prevalve cavities remained warm {cff scale high) throughout flight,
indicating helium remained in the prevalves as planned. The two
thermometers in the center engine prevalve were cold, indicating LOX in
r';gi: v:lve as planned. The pressure and flowrate in the system were
nal.

5-10
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5.10 S-1C HYDRAULIC SYSTEM

The performance of the S-1C hydraulic system was satisfactory. Ail
servo-actuator supply pressures were within required limits.

Engine control system return pressures were within predicted limits
and the engine hydraulic control system valves operated as planned.

5-11/5-12
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SECTION 6-
S-11-PROPYLSION -

6.1 SUMMARY

The S-11 propulsion systemS'performed satisfactorily throughout the
flight. The S-1I Engine Start Command (ESC), as sensed at the engines,
occurred at 163.6 seconds. Center Engine Cutoff (CECO) was jnitiated by
the Instrument Unit (1u) at 461.21 seconds, 0.47 seconds earlier than
planned. Outboard Engine Cutoff (0ECO), initiated by LOX depletion
sensors, occurred at 559.66 seconds giving an outboard engine oparating
time of 396.1 seconds. o R

Engine mainstage performance was satisfactory throughout flight. The total
stage thrust at the standard time slice (61 seconds after S-1I ESC) was
0.14 percent below predicted. Total propeilant flowrate, including pres-
surization flow, was 0.19 percent below-predicted, and -the stage specific
impulse was 0.05 percent above predicted at the standard time slice.

Stage propellant mixture ratio was 0.36 percent below predicted. Engine
thrust buildup and cutoff transients were within the predicted envelopes.-

The propellant management system performance was satisfactory throughout
loading and flight, and all parameters were within expected limits except
the LOX fine mass indication. Propellant residuals at OECO were 1401 1bm
LOX, as predicted and 2752 1bm LH2, 107 1bm less than predicted. Control
of Engine Mixture Ratio (EMR) was accomplished with the t -position pneu-
matically operated Mixture Ratio Control Valves (MRCV). Relative to ESC,
the low EMR step occurred 1.6 seconds earlier than predictid.

The performance of tre LOX and LHp tank pressurization system was satis-
factory. Ullage pressure in both tanks was adeguate to meet or exceed
engine inlet Net Positive Suction Pressure (NPSP) minimum requi rements
throughout mainstage.

Performance of the center engine LOX feedline accunulator system for POGO
suppression was satisfactory. The accumulator bleed and fill subsystems
operations were within predictions.

The engine servicing, recircu1atidn. helium injection, and valve actuation
sys tems performed satisfactorily.

s-11 hydraulic system performance was normal throughout the flight.
6.2 S-11 CHILLDOWN AND BUILDUP TRANSIENT PERFORMANCE

The engine servicing operations required to condition the engines prior
to 5-11 engine start were satisfactorily accomplished. Thrust chamber
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jacket temperatures were within predicted limits at both prelaunch and
S-1] ESC. Thrust chamber chilldown requirements are -200°F maximum at
prelaunch commit and -150°F maxir-m at engine start. Thrust chamber
temperatures ranged between -286.-and -258°F at prelaunch commit and
between -238 and -207°F at S-II ESC. Thrust chamber warmup rates

during S-IC boost aareed closely with those experienced on previous
flights.

Start tank system perfonnance-was-satisfactory.. Both temperature and
pressure conditions of the engine start tanks were within the required
prelaunch and engine start boxes as shown in Figure 6-1. Start tank
temperature and pressure increase rates were normal during prelaunch and
S-1C boost.

Start tank relief valve operation was noted.on Engine No. 3. This
characteristic had teen predicted based upon results of the AS-512 Count-
down Demonstration Test (CDDT) start tank relief valve setting test.

A1l engine helium tank pressures were within the prelaunch limits of
2800 to 3350 psia and engine start .limits of 2800 to 3500 psia. Engine
helium tank pressures ranged between 2940 and 3060 psia at prelaunch
commit and between 3030 and 3160 psia at S-II ESC.

Engine helium tank pressures during start ‘and initial mainstage operation
were within the predicted limits as shown in Figure 6-2. The helium tank
pressures decayed 350 to 370 psi during the engine start transient.

During the countdown hold initiated at -30 seconds, the hold options were
exercised. The launch vehicle was maintained in the Hold Option 2 condi-
tion for approximately 73 minutes. This reauired control of the J-2
engine start tank and helijum tank pressures to assure that they would remain
within redline limits during the hoid. Engine helium tank pressure was
maintained by manual venting using the emergency vent solenoids. Start
tank pressures were similarly controlled by use of the emergency vent
solenoids until the start tank relief valves functioned to automatically
maintain the tank pressures. A special test was run during the CDoT

to determine the individual characteristic of each start tank relief

valve and to show that it was comparable with existing stage redlines.
Figure 6-3 shows the start tank pressures and temperatures during the
option 2 hold. Figure 6-4 i1lustrates the repeatibility of the start tank
relief valves operation as evidenced during an Cption 2 Hold.

During the hold period the prechilled start tanks warmed up at a rate of
approximately 1.7°F/min. Fifty eight minutes after initiating the hold,
engine 3 start tank had warmed up to the maximum temperature (-146°F)
allowed by the redline requirements. At this point it was necessary

to subject all five start tanks to a short rechill cycle in order to keep
the respective temperatures within redline limits. Figure 6-5 shows the
start tank and helium tank conditions during the rechill cycle. After
the rechill and pressurizing, the start tank and helium tank pressures
were controlled during the remainder of the hold and countdown using the
emergency vent solenoids.

6-2
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Figure 6-2. S-II Engine Helium Tank Pressures

START TANK TEMPERATURL, o
100 120 140 160 190

START TANK PRESSURE, W/

R 11!
1400 = : TV DRIN STAT 80X Lo
B / Co \ __Lf mmm \ __L 0
| g A /-——7\ |
1350 T | j \
\ 1 1 RELIEF VALVE '
. | Yol ___._._mmmu
2 ,'( ‘ p ; : L \m ("["m ‘ " %0
- 1300 Y4 5 = 1 |
% Wi 7 | ‘ /- ‘I mxﬂmul i
P A R r/ mimin | ! | }
_i_mo i / ' e PRESSURIZATION \
= pana i o | s .0
|l s L B b
) 1200 }—} | : reony ! ‘ l r /r i
! v ‘ r ‘
l i i _l_' P ERGINE W0 2
use'—— A -20 -i%

Figure 6-3. s-11 Typical Start Tank Conditions During Hold Operations

6-4



Y TEARRT R N e

r - > o — . R N T PR vm e - -

CTART TANK “IMPERATLRE O¢
182 ol 18 180 .1

i R
e — ;
— | S —
: ) i / ’ _—...'.;-L,-',‘:\-_ LI I - ‘ - ‘ L 350
! H | ‘ { = FIIlAUMCR DT ! i ;
! e 4 e —— ——
1250 : i Sl ’ b ! | ~
f / Pt - b 36 """‘5—'——‘—‘4‘ :
; . e . 2
> B - .. .- - e V- _,1 .. - g
g 130 - 900
; &
g i
3 -
= 10 2
- o
<
£ ! - 850
k i
]
KW % . ——— —
L (. P I
S A W B = ‘
; —_— ‘ [ : ! 1 : ‘ H I 1 {
Y T 0 Y U A L
.30 250 200 -1%0

sTANT TARK TEPEMTURE, OF

Fioure 6-4. Compariscn of S-I1 Start Tank Conditions During CDDT & Launch

This is the first time the S-1I stage has been required to rechill its
engine start tanks during an actual launch situation. Personnel, proce-
dures, and hardware all performed as expected and all results were com-
pletely satisfactory.

The LOX and LHp recirculation systems, used to chill the feed ducts, turbo-
pumps, and other engine components performed satisfactorily during prelaunch
and S-IC boost. Engine pump inlet temperatures and pressures at S-II

ESC were well within the requirements as shown in Figure 6-6. The LOX pump
inlet pressure for all five engines was approximately 0.5 psi above the
predicted envelope because the LOX tank experienced an approximate 1 psi
jncrease in ullace pressure between S-1C OECU and S-11 ESC. This pressure
increase is attributed to the small ullage volume, coupled with the springback
of the aft bulkhead at S-IC GECO, thus compressing the pressurant in the
ullage. The LOX pump discharge temperatures at S-1I ESC were approximately
14.0°F sutccoled, wal  +Felow the 3°F subcooling recuirement.

Again, as ~ $-511 the deletion of the S-1I ullage motors did
not adv- recirculation system. The characteristic tem-
perat" pump discharge temperature between S-1C OECO
and .imately 1,5°F, similar to that experienced on

- Jtors installed.

.un of the propellant tanks was accomplished satisfactorily.
. pressures at S-II ESC were 41,5 psia for LOX and 29.1 psia
.2, well above the minimum requirement of 33.0 and 27.0 psia,

.espectively.
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S-11 ESC was received at 163.6 seconds and the Start Tank Discharce Yalve
(STOV) solencid activation sicnal occurred 1.0 second later. The engine
thrust tuildup was satisfactory anrd well within the pregicted thrust
buildup envelope. All engines reacred 90 percent trrust within 3.3

seconds after S-11 ESC.
€.3 S-11 MAINSTAGE PE2FORVMANCE B

The propulsion reconstruction analysis showed that stace performance
durina mainstace operation was satisfactory. A corpariscn of predicted

ard reccrstructed thrust, srecific irpulse, totai flowrate, and rixture
ratio versus time is shown in Finure €-7. "Stace rerforvance -was- very clese
to predicted. At ESC +61 seconds, total stage thrust was 1,156,694 1bf
which was 1585 1bf (0.14 percent) below the preflicht prediction. Total
propeilant flowrate includinc pressurization flow, was 2743.4 ite/s, 0.19
percent telcw predicted. Stace specific ispuise, including the effect

of pressurization gas flowrate, was 421.6 1bf-s/1bm, 0.C5 percent above
predicted. The stace propellant mixture ratio was 0.26 percent below

predicted.

Center Encine Cutoff was jnitiated at ESC +297.62 seconcs, 0.47 seconds
earlier than planned. This action reduced total stage thrust by 224,121
Ibf to a level of 920,746 1bf. The £¥R shift from hieh te-low sccurred
325.6 seconds after ESC and the reducticn in stage thrust occurred as
expected. At ESC +351 seconds, the total stace thrust was 787,009 1bf;
thus, a cdecrease in thrust of 133,737 1bf was indicated between high
and low EMR operation. S-11 burn duration was 396.1 seconcs.

Individual J-2 engine data are presented in Table 6-1 for the ESC +61
second time slice. Good correlation exists between predicted and recon-
structed flight performance. The performance levels shown in Table 6-1
have not heen adjusted to standard J-2 altitude conditions and do not

fnclude the effects of pressurization flow.

Although the propulsion reconstruction was very close to the predicted,
the trajectory recomstruction, Section 4.2.1, indicated that the s-11
stage produced aporoxisately 23 m/s move velocity than predicted. wWhile
this difference is within the normal range of trajectory dispersion, the
unexpectedly poor correlation of the trajectory with the engine predicted
and reconstructed performance is unique in the history of the S-11.

From a review of the progulsion and trajectory as well as the history of
stage and engine sanufacturing and testing, 1t has been determined that
the cosbined contridution of fnitial conditions, messes, bise pressure
thrust. insulatfon erosion, propellant loading, propellant residuals,
and reconstructed engine performance accounts for aporoximstely 9 /s
of the additional velocity. leaving 13 &/s still to be explained.

6-3
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wost roteworsty is the fact that the S-engine iverace Trectfic imoulse
(I“,) an $-11-12 1s e lowest of any S-11 stage, ard while trere 15 NO
evidence :hat the engine log book Igp values are imgrover, the oredicted
stage serforrance would have heen very close to that indicated Ly e
trajeczory reconstruction if the average I¢p for the engines in this pro-
ducticn dlock (Engines S/N 2060 throuak 2'.;5) had heen assused. This would
fmply that the engine is aporoximately as repeatadle as its associated
fnstrumentation,

The differences finvolved are quite small. The difference Setween lfe

slock averace lsp ard the S-11-12 sverige loa took values (tags) fs within
the irstrupentaticn nofse level. The actual engine-to-engire regeatadility
s vers similar to the instrumentation run-to-run repeatatility. Therefore,
1t is reasonadle to hypothesize that the lower tran averaoce enqire performance
indicated by the log book lsp values cay not have been rea’, and that actua!l
engine perforvance may heve g«n close 10 he diock average. While the
reconstruction would detect a flowrate contritution to an error in tag Isps
1t would A0t correct 2 thrust measurement ervor. if this latter situation
were the case, 3 significant difference between predicted and reconstructed
crooulsion values would not be expected because the nozzle efficiency _
coefficient used in both the propulsion reconstruction and the prediction
are derived from the same ground test data. ’

%o chance t0 the propulsion technizue for SA-811 s recuired because lhe

actual relocity facresent from the S-11-13, which §s procrasmed for an

enercy cutoff, is not affected and because the payload effect fs ninfeal

and the Skylap mission is not payload critical. Also the difference between

t{l-:; tags Ind the block average s only about half as large as that for
1-12.

Two LOX system easurerents, engine No. 4 pump inlet tempersture and
engine %o, 4 pump discharge pressure, exhidited wusual characteristics
during the later part of hign DR operation. Since doth measurements
were within the same ergine, a detailed examination was conducted to
cetlermirte 7 Luis regrizinied - enqpice nerformpnce ctunge. Tre examing-

4 &b sl -owe o -

tion concluded that no engire perfcrmance chinge was fndicated by tre
flignt data. For further discussion of these seasurements refer to Tadle

15-3.
6.4 S- 11 SHUTDOMN TRARSIENT PERFORNANCE

S-11 OECD mas initfatec by the stage LOX depletion cutoff system s
planned.

Tre LOX depletion cutoff system again included 2 1.5 second delay timer,
&s in previous flignts {AS-504 and subsequent), this resulted in engine
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thrust decay (cbserved as 3 drop fn thrust chamber pressure) prior to
receipt of the cutoff signal.

The outboard engine thrust decay performance was within the predicted
pand. First indfcations of thrust decay were noted 0.75 second prior
to cutoff signal on engine 1. 'n order of engine position, thrust decay
began at 0.75, 0.50, 0.55, and 0.30 seconds prior to cutoff signal and
corresponding chamber pressure Gecays were 180, 180, 130 and 120 pst.

At S-11 OECO total thwrust was down to 612,126 10f. Stage thrust dropped
20 five percent of this level within 0.4 second. The stage cutoff
smpulse through the five perceat thrust level is estisated to be 121,100
lbf.So

6.5 S-31 STAGE PROPELLANT MANGENENT SYSTEM

Ground loading and flight performance of the S-11 stage propellant menage-
seat systes were sowinal and all paraseters were within sorma] rasges.
The only exception ws the LOX fine wess wessyrement that exhidited :

) §
1 od elisimating the possibility of a telemetry problem. After 2
thor nﬁau m(e-.nthis signal characteristic could not be explained by
known tank conditioms. Laboratory stmulations with either serfes of parallel

e *
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resistarce 10 wne leadwire systen Setween ‘he capac:tarce crite ird tne
U computer have duplicated this problen.

“o srecluce possidie ceeclems cn future filights, 1N irgreccicn 5f tre
leadmire system integrily w111 te conducted for <.11-13 and suesecueri
cericles. This measurerent is ren-critical in flignt and-sasual.-goint -
serscr =aciw srcpellart loadinrg cculd be used for grourd lcadirg srould this

sroplem recur.

“re Propellant Tarking Corputer System {PTCS) and the stage arcpeilant
raragerent sysien oroperly controlled S-11 loading and -reglenisrrent,
311 S-1] stage LCX anc Lr7 liquid level point senscrs ard capacitarce
srotes cperated witrout ary prodiess guring the propellant 1cading.
2ot LCY ard LH2 cverfiil point sensor percent wet irgicaticns =eore all
atenin re lcading redline at tne -127 second comit point.

rper-iccp control of IR suring flight was successfully accomplished Shrough. -
se cf wre engine o0 Dosition pneuutiany operated Mixture Patio Control
Yalves (¥RCY). At £5C, nelium pressure drove the valves to the engire

sart position correspordinc to the 4.8 DR, The high PR (5.5) cosmand

was received at £sC

«5.5 seconds as expected, providing a nominal hign

twa of £.5 for tre firse prase of the Programned Mixture Ratio (PYMR).. —. - -~ -

The iow IYR siep occurred at £SC «225.6 seconds, mi‘ch i 1.6 seconds
earlier thar oredicted. This time difference is most likely caused by
1y computational cycle arrors or thé Saturn vehicle reaching the oreset

step command veloct
at tre low step was
than planned DR s
toierarce,

ty at an earlier time than planned. The average DR
1.78 as comwared to0 3 predicted 4.20. This lower
well within the two sigma +0.06 aixture ratio

Outdoard Engine Cutoff (OECO) was {nitiated by the LOX cepletion E£CO

sensors at £SC +X6

.07 seconds which s 0.02 seconds later than planned.

Liquid level point semoc ceta were 1ot availavie w verify Lnet X -
pletion occurred dut engine parameters such as thrust chamber pressure,
{r,et temperatures, pusp speeds and PO flows a1l exhibited
characteristics simtlar to LOX depletion cutoff on previous flights.

since llquid level data were not available, propellant residual mass

in tanks determination was done by other means. Based on predicted Lox
0€CO masS, predicted LR full load mass and flosmeter data, propellart
residual mass in tanks at O0ECO were 1401 1bm LOX and 2752 1tm Lip versus

1401 1tm LOX and
of +2500 Ttm LH7.
Table 6-2 presents

Py prubes and engine flowvmeters. The full load mass could not de
gerived using point sensors (data not available) as a reference.
predicted value for {s used as the best estimate. The LOX

full load mass 43s

zasslu-uo?pndmd. mmlwmmnam
was -107 1tm Litp which is well within the

estisated three sigmd dispersion

2 comparison of propellant masses as measured by the

———

derived from the engine flameter {ntegraticon and

0£CO res’dual values.
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Table 6-2. AS-512 Fliz-t S-11 Propellant ~1ss History

9y SYSTEM  |EWGINE FLOMETER
PREDICTED, LOM ARALYSIS [-ECRATION, LW
EYEXT L5 (SEST ESTIMATE)

Lcx L¥s Lox ] ©LoxX 15,7 ]

Lifeof? 8es,1%0 | 160,220 gas 052 ! 160,220 842,469 160,220

S.11 €5C 8es,1%0 | 160,206 ses,150 | 160,415 pa2.269 | 160,206

$-11 PU Valve Steo 107,566 26,061 |1 ...29 28,367 |109,354 25,467
Comand

2 Percent Point Semsor AR 4268 i - o | .
s-11 0ECO 1401 2858 %02 2899 1401 782

P R

; s-11 Residual After nu»” 7788 | Data mot | Data not 1222 2676
’ Threst Decay useadle uvseadle

fote: Tadble 1s tesed on mass in tanks and susp only. Propel lant
traoped external to tanks and LOX sumo is not included. PU
data are not corrected for tank/probe sissatch.

woPoint N30T discrete data not availadle due %0 Lermuds Ground Station
probles.

N

6.6 s-11 PRESSURIZATION SYSTEM
6.6.1 S-11 Fuel Pressurization System

tank ullage pressure, actual and predicted, is presented in Figure
6-8 for autosequence, $-1C boost, and S-11 boost. The LHp vent valves
were closed at -94.08 seconds and the ullage voluxe pressurized to 3.8
psfa in 17.5 seconds. One sake-up cycle was required at approximately
s and the ullage pressure was increased from 34.8 psia to

. Ullage pressure at 19 seconds (launch comit) was 35.4 psia
amich is within the redline limits of 33.0 to 19,0 psia. Ullage pres-
sure decayed to 35.1 psia at s-1C ESC at which time the pressure decay
rate increased .or about 20 seconds. (The increased decay rate was
attributed to an increase in cooling due to LHp surface agitation caused
by S-1C engine firing.) This decay is normal and seen On previous launches.
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puring S-1C boost. the differential pressure across the vent valve, was
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Figure 6-8. S-11 Fuel Tank Ullage Pressure

within the 31lowable low-sode band of 27.5 to 29.5 psi. The LHp vent valve
Ko. 2 cycled open at 140.3 saccnds 2nd closed at 141.1 seconds. Ullage pres-
sure at S-11 engine start was 29.1 psia exceeding the minimum engine start
requirement of 27 psia. The LH2 vent valves were switched to the high

vent mode (0.5 to 33.0 psia) prior to S-1I engine start.

During S-11 boost, the GH2 for pressurizing the LH2 tank was controlled
by a flow control orifice in the LH? tank pressurization line with
maxisum tank pressure controlled by the Liz vent valves. Except for the
normal low pressure spike during start transient, the ullage pressure
throughout the S-1! poost perioa was controlled by the LHp vent vaives
within the 3.5 to 33 psia allowable band. Li vent valve 1 opened at
171.9 seconds and remained open until 174.2 seconds. Vent Valve Xo. 2
cracked open five (5) times during the first 156 seconds of S-11 boost.
Yent valve discrete measurements are not available beyond 310.9 seconds
due to data acgquisition problems. The LHz ullage pressure was 3 max imum
of 0.3 psi higher than the predicted pressure.

Figure 6-9 shows LHy puo total inlet pressure, temperature, and Net
positive Suction Pressure (XPSP) for the J-2 engines. The parameters
were in close agreczent with the predicted values throughout the s-11
flight period. NPSP remained above the minimum requirement throughout

the S-11 burn phase.
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6.6.2 S-11 LOX Pressurization System

LOX tank ullage pressure, actual and predicted, is presented in Figure
8-10 for autosequence, s-1C boost, and S-11 burn. After a 107 second
cold helium chilldown flow through the LOX tank, the chiildown flow was
terminated at -200 seconds. The vent valves were closed at -184 seconds

and the LOX tank was pressarized to the pressure switch setting of 38.5 ~

psia in 31.0 secords. No pressure make-up cycles were required. The

LOX tank ullage pressure increased to 40.0 psia because of common bulk-
nead flexure during LHo tank prepreswrization. Ullage pressure at -19
seconds (launch commit) was 40,2 psia which is within the redline limits
of 16 to 43 psia. ring
prelaunch operations.

“para w0t AVATLASLE 5£TON0 310 SECONDS RANGE TIXE. 117 SHOMN ASE TINES FOR
FIRST OPEN INDICATION a0 FOR THE FLIAL QLOSED SNOICATION AvAlUASLE

<he LOX vent valves performed satisfactorily during an
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Figure 6-10.
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The LOX vent valves remained closed during the S-IC boost mode and the
LOX tank ullage pressure prior to S-II engine start was 41.5 psia.
During the S-II boost mode, the LOX tank pressure varied from a maximum
of 42.0 psia at 182.0 seconds to a minimum of 39.0 psia at S-11 OEcCC.
Similarly to AS-510 and AS-511 the GOX for pressurizing the LOX tank

was controlled by a flow control orifice in the LOX tank pressurization ---—

line with the LOX tank vent valves controlling excessive pressure buildup
within a pressure range setting of 39.7 to 42.0 psia. The LOX vent
valve No. 2 first opened at 164.8 secords and reseated at 165.5 sececnus.
LOX vent valve No. 2 opened and reseated a total of five (5) times

between 164.8 seconds and 188.1 seconds. The LOX vent vaive Nc. 1 e

cracked open 18 times between 166.0 seconds and 310.9 seconads. VYent
valve position discrete indications are not available beyond 310.9
seconds due to data acquisition problems.

The LOX tank ullage pressure was controlled within ore psi of the pres-
sure predicted for S-II boost as shown in Figure 6-10. Comgarisons of -
the LOX pump total inlet pressure, temperature and NPSP are presented
in Figure 6-11., Throughout S-II boost, the LOX pump NPSP was well above
the minimum requirement.

This was the second flight using the LOX tank pressure switch purge.

The purge system was incorporated to preclude a potential LOX/GOX incom-
patibility situation within the LOX pressure switch assembly. The purge
js connected to the heiium injection and accumulator fill helium supply
system, No-instrumentation is available to evaluate the purge system,
However, since both the helium injection and accumulator fill systems
operated successfully, it is concluded that the purge system also func-
tioned properly.

6.7 S-11 PNEUMATIC CONTROL PRESSURE SYSTEM

The pneumatic control system functioned satisfactorily throughout the
$-1C and S-11 boost periods. Bottle pressure was 2990 psia at -
seconds and with normal valve activities during S-1I burn, pressure
decayed to approximately 2590 psia after S-I11 JECO.

Regulator outlet pressure during flight remained at a constant 715 psia,
except for the expected momentary pressure drops when the recirculation
or prevalves were actuated closed just after engine start, at Ceco,

and at OECOD.

6.8 S-11 HELIUM INJECTION SYSTEM

The performance of the helium injection system was satisfactory. The
supply bottle was pressurized to 2976 psia prior to liftoff and by S-11
ESC the pressure was 1663 psfa. Helium injection average total flowrate
during supply bottle blowdown {-30 to 161.4 seconds) was 74 SCPM. During
the prelaunch countdown, the helium injection bottle decay test was
repeated to assure no adverse trends existed. The initial and final
decay tests were within predicted limits.
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6.9 PGGO SUPPRESSION SYSTEM

A center engine LOX feedline accumulator is installed on the S-1I stage
as a POGO suppression device. Analysis indicates that there was no S-I1
POGO.

The accumulator system consists of 1) a bleed system to maintain sub-
cooled LOX in the accumulator during S-IC boost and S-11 engine start,
and 2) a fill system to £i71 the accumulator with helium subsequent to

engine start and maintain a heli:m filled accumulator through S-11 CECG. .

The accumulator bleed subsystem performance was satisfactory. Figure
6-12 shows the required accumulator temperature at engine start, the
predicted temperatures during prelaunch and S-IC boost, and the actual
temperatures experienced during AS-512 flight. The maximum allowable
tenoevgture of -281.5°F at engine start was adequately met (-293.8°F
actual).

Accumulator fill was initiated 4.1 seconds after engine start. Figure
6-13 shows the accumulator LOX level versus time during accusulator
£i11. The fill time was 6.6 seconds, within the required 5 to 7 seconds.
The helium fill flow rate, during the fill transient, was 0.0055 1btm/s
and the accumulator pressure was 45.72 psia.

After the accumulator was f iled with helium, it remained in that state
until S-11 CECO when the helium flow was terminated by closing the two
£i11 solenoid valves.

The accumulator bottom temperature measurement indicated there was
liquid propellant splashing on the bottom temperature probe shortly
after the accumulator was filled with helium gas. This type of phencmena
wzs observed during the ground static firing test of the S-11-14 vehicle
and to a lesser degree during the flights of S-11-9, -10, and -11.

This splashing is not considered to be a problem. Figure 6-14 shows the
helium injection and accumulator fi11 supply pressure during accumulator
£§11 operation. As can be seen, the supply bottle pressure was within
the predicted band, indi cating that tne helium usage rates were as
predicted.

6.10 S-11 HYDRAULIC SYSTEM

S-11 hydraulic system perforsance was nominal with all pressures,
temperatures, and volumes within nominal predicted 1imits throughout
countdown and flight, Actuator positions followed actuator commancs with
good accuracy and showed normal transient responses. The maxisum engine
deflection was aporoxisately 1.3 degrees in pitch on engines 3 and 4 in
response to separation and egine start transients. Actuator loads

were well within design limits. The maxims actuator load was approxi-
mately 6800 1bf for the pitch actuator of engine 1. This load also
occurred shortly after engine start.
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SECTION 7
S-1VB PROPULSION

7.1 SUMMARY

The S-1VB propulsion system performed satisfactorily throughout the operas
tional phase of first and second burns and had normal start and cutoff
transients. v

S-1VB first burn time was 138.8 seconds, 3.7 seconds shorter than pre-
dicied for the actual flight azimuth of 91.5 degrees. This difference is
composed of -4.1 seconds due to the higher than expected S-11/5-1VB
separation velocity and +0.4 second due to lower than predicted S-IVB
performance. The engine performance during first burn, as determined
from standard altitude reconstruction analysis, deviated from the pre-
dicted Start Tank Discharge Vaive (STDV) open +135-second time slice by
-0.68 percent for thrust and -0.14 percent for specific impulse. The
s-1VB stage first burn Engine cutoff (ECO) was initiated by the Launch
vehicle Digital Computer (LVDC) at 702.65 seconds.

The Continuous Vent System (cvs) adeauately regulated LH2 tank ullage
sressure at an average level of 19.1 psia during orbit ard the Oxygen/
Hydrogen (02/H2) burner satisfactorily achieved LH2 and LOX tank repres-
surization for restart. Engine restart conditions were within specified
limits.

S-IVB seccnd burn time was 351.0 seconds, 4.0 seconds Jonger than predicted
for the 91.5 degree flight azimuth. This difference is primarily due to
the lower S-1VB performance and heavier vehicle mass during second burn.
The engine performance during second burn, as determined from the standard
altitude reconstruction analysis, deviated from the STDV open +172-second
cime slice by -0.77 percent for thrust and -0.1€ percent for specific
impulse. Secord burn £CO was initiated by the LVDC at 11,907.64 seconds,
(08:51:27.64).

Subsequent to second burn, the stage propellant tanks and helium spheres
were safed satisfactorily. sufficient impulse was derived from LOX
dump, LH2 CVS operation and auxiliary propulsion system (APS) ullage
burn to achieve a successful lunar impact. Two subsequent planned APS
hurns were used to jmprove lunar jmpact targeting.

The APS operation was nominal throughdut the flight. No helium or pro-
pellant leaks were observed and the regulators functioned nominally.

The hydraulic system performance was nominal throughout flight.
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7.2 S-1VvB CHILLOOWN AND BUILDUP TRANSIENT PERFORMANCE FOR FIRST
BURN

The thrust chamber temperature at launch was -177°F, which was below the
maximum allowable redline limit of -130°F. At S-1VB first burn Engine
Start Command (ESC), the temperature was -136°F, which was within the
reouirements of -189.6 +110°F.

The chilldown and loading of the engine GHz start tank and pneumatic ccn-
trol bottle prior to liftoff was satisfactory.

The engine centrol sphere pressure and temperature at liftoff were 3070
psia and -155.7°F. At first burn ESC the start tank conditions vere

1310 psia and -157.7°F, within the required region of 1325 475 psia and
-170 +30°F for start. The discharge was completed and the refill initiated
at first burn ESC +3.8 seconds. The refill vas satisfactory with 1173 psia
and -223°F at cutoff.

The propellant recirculation systems operation, which was continuous
from before 1iftoff until just prior to first ESC, was satisfactory.
Start and run box requirements for both fuel and LOX were met, as shown
in Figure 7-1. At first ESC the LOX pump inlet temperature was -295°F
and the LH2 pump inlet temperature was -421.5°F.

First burn fuel lead followed the expected pattern and resulted in
satisfactory conditions as jndicated by the fuel injector temperature.

The first burn start transient was satisfactory, and the thrust buildup

was within the limits set by the engine manufacturer. Thrust data during
the start transient is presented in Figure 7-2. This buildup was similar

to the thrust buildups observed on previous flights. The Mixture Ratio
Control Valve (MRCV) was in the closed position (5.0 EMR) prior to first
start, and performance jndicates it remained closed during the first burn.
The total impulse frem STDV open to STDV open +2.5 seconds was 187,271 1bf-s.

7.3 S-1VB MAINSTAGE PERFORMANCE FOR FIRST BURN

The propulsion reconstruction analysis showed that the stage performance
during mainstage operation was satisfactory. A comparison of predicted
and actual performance of thrust, specific impulse, total flowrate, and
Engine Mixture Ratio (EMR) versus time is_shown in Figure 7-3, Table
7-1 shows the thrust, specific impulse, flowrates, and EMR deviations
from the predicted at the STDV open +135-second time slice at standard
altitude conditions.

Thrust, specific impulse, and EMR were slightly less than the nominal pre-
diction but well within the predicted bands. These deviations from pre-
dicted are very minor considering the S-1VB-512 stage was not static
fired. Based on engine performance reconstruction the MRCY setting was

within the requirement of 30.0 +1 degrees.

7.2
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Table 7-1.
(STOV Open +135-Second

s-1VB Steady Stat
Time Slice at Standa

e Performance - First Burn

rd Altitude Conditions)

FLIAHT PERCENT
PARNIETER PREDICTED RECONSTRUCTION DEVIATINN
| peviATION
’ Fpret PPEDICTED
Thrust, 1bf 207,197 205,797 -1,400 -0.63
specific Impulse, 428.3 427.7 -0.6 -0.14
1bf-s/1bm
LOX Flowrate, 403.40 401.26 -2.14 -0.53
1bm/s
Fuel Flowrate, 80.37 79.9%6 -0.41 -0.51
1bm/s
Engine Mixture 5.019 5.018 -.001 -0.02
Ratio, LOX/Fuel

The first burn time was 133.8 seconds, terminated by a guidance velocity

cutoff command, which was 3.7 se
flight azimuth of
seconds less due to the high
velocity and 0.4 second
impulse from STD
was 874,949 1bf-

The engine helium ¢
stage operation.

first burn.

V open

An esti

91.5 degrees.
cr than expected S-
o lower S-1VB performance.
8.23 x 106

cond

longer due t
+2.5-seconds to ECO was 2
s less than predicted.

ontrol system p
mated 0.30 1bm o

s less than predicted for the actual

This difference is composed of 4.1

11/5-1VB separation

Total
1bf-s which

erformed satisfactorily during main-
f helium was consumed during

7.4 S-1VB SHUTDOWN TRANSIENT PERFORMANCE FOR FIRST BURN

S-IVB first ECO was init

jated at 702.65

seconds and the ECO transient

was satisfactory. The total cutoff impulse to zero thrust was 46,401
1bf-s which was 1237 1bf-s lower than the nominal predicted value of
47,638 1bf-s and within the +4100 1bf-s predicted band. Cutoff occurred
with the MRCY in the 5.0 EMR position. Thrust data during the cutoff
transient is presented in Figure 7-4.

The J-2 engine bleed vaives normally open within seven seconds from
Engine Cutoff Command (ECC) based on previous flight experience.
However, the engine helium control package was modified for this flight
to allow the purge valve to open and close at a higher pressure. This
results in a longer time to adequately reduce the accumulator pressure
to allow the bleed valves to open.
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Consequently, the bleed valves' opening time from ECC was jncreased from
approximately 7 to 14 seconds.

7.5 S-1VB PARKING ORBIT COAST PHASE CONDITIONING

The LHp CVS performed satisfactorily, maintaining the fuel tank ullage
pressure at an average level of 19.1 psia. This was vell within the
18 to 21 psia band of the inflight specification.

The continuous vent regulator was activated at 761.8 seconds and was
terminated at 11,020.8 seconds (03:03:40.8). The CVS performance is

shown in Figure 7-5.
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Figure 7-5. S-IVB CVS Performance - Coast Phase



The CYS regulator began cycling at 900 seconds, about 30 minutes earlier
than on previcus flights. The extended hold during launch ~ountdown

and the atmospheric ccnditions provided low initial LH2 tank and pro-
pellant temperatures, which resulted in low boiloff and permitted regulator
cycling early in the orbitai coast period.

Calculations based on estimated temperatures indicate that the mass
vented from the fuel tank during parking ordbit was 2195 1bm and that the
boiloff mass was 2405 1bm, compared to predicted values of 2330 1bm

and 2540 1bm, respectively.

LOX boiloff during the parking orbit coast phase was approximately 10 1bm.

7.6 S-IVB CHILLDOWN AND BUILDUP TRANSIENT PERFORMANCE FOR SECOND
BURN

Repressurization of the LOX and LH2 tanks was satisfactorily accomplished
by the 02/H2 burner. Burner "ON" command vas initiated at 11,020.6
seconds %3:03:40.6). The LH2 repressurization control valves were
opened at burner "ON" +6.1 seconds, and the fuel tank was repressurizec
from 19.1 to 30.5 psia in 191 seconds. There were 26.2 1bm of cold
helium used to repressurize the LHp tank. The LOX repressurization
control valves were opened at burner "ON" +6.3 seconds, and the LOX tank
vas repressurized from 36.5 to 40.1 psia in 130 seconds. There were 3.7
1bm of cold helium used to repressurize the LOX tank. LH2 and LOX
ullage pressures are shown in Figure 7-6. The burner continued to
operate for a total of 459 seconds providing nominal propellant settling
forces. The performance of the AS-512 02/H2 burner was satisfactory as
shown in Figure 7-7.

The S-1VB LOX recircuiation system satisfactorily provided conditioned
oxidizer to the J-2 engine for restart. Fuel recirculation system per-
formance was adequate and conditions at the pump inlet conditions were
satisfactory at second STDV open. The LOX and fuel pump inlet condi-
tions are plotted in the start and run boxes in Figure 7-8. At second
ESC, the LOX and fuel pump jnlet temperatures were -294.4 and -418.5°F,
respectively.

Second burn fuel lead generally followed the predicted pattern and
resulted in satisfactory conditions, as indicated by the fuel injector
temperature. Since J-2 start system performance was nominal during
coast and restart, no helium recharge was required from the LOX ambient
repressurization system (bottle No, 2). The start tank per formed
satisfactorilv during second burn blowdown and recharge sequence. The
engine start tank was recharged properly and it maintained sufficient
pressure during coast. The engine control sphere first burr gas usage
was as predicted; the ambient helium spheres recharged the control
sphere to a nominal level for restart.

The second burn start transient was satisfactory. The thrust buildup was
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vithin the limits set by the engine manufacturer and was similar to the
thrust buildups observed on previous fliqhts. The MRCV was in the proper
full open (4.5 EMR) position prior to the cecord start. The total impulse
from STDV open to STDY open +2.5 seconds was 182,502 1bf-s.

7.7 5-1V8 MAINSTAGE PERFORMANCE FOR SECOND BURN

The propulsion reconstruction analysis showed that the stage performance
during mainstage operation was satisfactory. A comnarison of predicted
and actual performance of thrust, specific jmpulse, total flowrate, and
EMR versus time js shown in Figure 7-9. Table 7-2 shows the thrust,
specific impulse, flowrates, and EMR deviations from the predicted at
the STODV open +172-second time slice at standard altitude conditions.
This time slice performance is the standard altitude perfcrmance which
js comparable to the first burn slice at STDV open +135 seconds.

Thrust, specific impulse, and EMR were well within the predicted bands.
The thrust and propellant flowrates were slightly louer than predicted.

The second burn time was 351.0 seconds which was 4.0 seconds longer than
predicted. This difference is primarily due to the slightly lower S-Iv8
performance and heavier second burn vehicle mass. The total impulse
from STOV open +2.5 seconds to ECO was 69.59 x 106 1bf-s which was
466,296 1bf-s more than predicted.

The engire helium control system performed satisfactorily during mainstage
operation. An estimated 1.1 1bm of helium was consumed during second
burn.

7.8 S-1VB SHUTDOWN TRANSIENT PERFORMANCE FOR SECOND BURN

s-1VB8 second ECO was jnitiated at 11,907.64 seconds. The ECO transient
was satisfactory. The total cutoff impulse to zero thrust was 46,260
1bf-s which was 2123 1bf-s lower than the nominal predicted value of
48,383 1bf-s and within the +4100 1bf-s predicted band. Cutoff occurred
with the MRCV in the 5.0 EMR position.

7.9 S-1vB STAGE PROPELLANT MANAGEMENT

A comparison of propellant masses at critical flight events, as deter-
mined by various analyses, is presented in Table 7-3. The best estimate
full load propellant masses were 0.027 percent greater for LOX and 0.005
percent greater for LHp than predicted. This deviation was well vithin
the required loading accuracy.

Extrapolation of best estimate residuals data to depletion, using the
propellant flowrates, jndicated that a LOX depletion would have occurred
approximatel’ g.22 seconds after the second burn velocity cutoff.
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Table 7-2. S-1VB Steady State performance - Second Burn
(STOV Open +172-Second Time Slice at Standard Altitude Conditions)
PERCENT
PARAMETER PREDICTED RECONSTRUCTION DEVIATION
FROM PREDICTED
Thrust, 1bf 207,197 205,608 -0.77
Specific Impulse, 425.3 427.6 -0.16
1bf-s/1bm
LOX Flowrate, 403 .40 400.95 -0.61
1bm/s
Fuel Flowrate, 80.37 79.91 -0.57
1tm/s
Engine Mixture 5.019 5.018 -N.02
Ratio, LOX/Fuel
Table 7-3. S-1vB Stage Propellant Mass History
INDICATED FLOW BEST
Event UNITS PREDICTED (CORRECTED) INTEGRAL ESTIMATE
Loz LH Lox L L Lox (L)
S 1C Liftoff e 195,504 | 43.750 195,421 | 43.72¢ 43,600 | 195,636 43,752
First S-1V8 ESC 1o 195,578 | 43,789 195,42 | 43,724 43,600 | 195,636 43,750
Firss S-1v8 Cutoff ] 138,265 | 1229 140,181 | 32,5% 32,53 | 140,007 32,87%
Secong S-1VB ESC s 138,142 | 29.774 139,985 | 30,040 30,040 | 139,879 30,078
o] -1 Tba | 2w anz| nw 22 Q9 |z

The sasses shown do ot include mass below the sain engine valves.

as presented in Section 16.
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During first burn, the pneumatically controlled two position Mixture
Ratio Control Valve (MRCV) was positioned at the closed position for
start and remained there, as programmed, for the duration of the burn,

The MRCV was commanded to the 4.5 EMR position 119.9 seconds prior to
second ESC. The MRCV, however, did not actually move until it received
engine pneumatic power.

At second ESC +100.0 seconds, the MRCV was commanded to the closed

‘position (approximately 5.0 EMR) and remained there throughout the

remainder of the flight.
7.10 S-1VB PRESSURIZATION SYSTEM
7.10.1 S-IVB Fuel Pressurization System

performance of the LHp pressurization system was satisfactory during
prepressurization, boost, first burn, coast phase, and second burn.

The LH, tank prepressurization command was received at -96.3 seconds and

““the tafik pressurized signal was received 11.1 seconds later. Following

the termination of prepressurization, the ullage pressure reached

relief conditions (approximately 31.5 psia) and remained at that level
until liftoff, as shown in Figure 7-10. A small ullage collapse occurred
during the first 10 seconds of boost. The ullage pressure returned to
the relief level by 130 seconds due to self pressurization. A similar
ullage collapse occurred at S-iC/S-11 separation. The ullage pressure
returned to the relief level 35 seconds later. Ullage collapse during
boost has been experienced on previous flights and is considered

normal.

During first burn, the average pressurization flowrate was approximately
0.67 ibm/s, providing a total flow of 92.2 1bm. Throughout the burn, the
ullage pressure was at the relief level, as predicted.

The LH2 tank was satisfactorily repressurized for restart by the 02/H2
burner. The LH2 ullage pressure was 30.6 psia at second burn ESC, as
shown in Figure 7-10. The average second burn pressurization flowrate
was 0.69 1bm/s until step pressurization, when it increased to 1.34
1bm/s. This provided a total Flow of 288.2 1bm during second burn. Due
to lower than expected ullage collapse, the ullage pressure was slightly
above the predicted value, but well within acceptable limits, during the
initial portion of second burn. The increase in pressurization flowrate
resulting from the EMR change jncreased the ullage pressure to relief
pressure (31.7 psia) at second ESC +195 seconds. The initiation of step
pressurization at second ESC +280 seconds increased the relief level to
32.4 psia.

The LHp pump inlet Net Positive Suction Pressure (NPSP) was calculated from

the pump interface temperature and total pressure. These values indicated
that the NPSP at first burn ESC was 15.5 psi. At the minimum point, the
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Figure 7-10. S-IVB LH2 Uuage Pressure - First Burn, Parking Orbit
a

Second Burn

NPSP had satisfactory agreement with the predicted values. The NPSP at

second burn STDV

required va
conditions

lue.

open was 7.0 psi, which was 2.5 psi above the minimum
Figures 7-11 and 7-12 summarize the fuel pump inlet

for first and second burns.

7.10.2 s-IVB LOX Pressurization System

LOX tank prepressurization was initiated at -167 seconds and increased
the LOX tank ullage pressure from ambient to 40.1 psia in 14.9 seconds,
as shown in Figure 7-13. Three makeup cycles were required to maintain
the LOX tank ullage pressure before the ullage temperature stabilized.
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Figure 7-13. s-IVB LOX Tank Ullage Pressure - First
Burn, Earth Parking Orbit, and Second Burn

At -96 seconds, fuel tank pressurization caused the LOX tank pressure
to increase from 39.7 to 42.2 psia and unseat the tank pressure relief
valve (NPV). The valve reseated at 40.6 psia and the ullage pressure
then increased to 41.2 psia at 1iftoff.

During boost there was a nominal rate of ullage pressure decay caused by
tank volume increase (acceleration effect) and ullage temperature decrease.
No makeup cycles can occur because of an inhibit until after Timebase

4 (T4). LOX tank ullage pressure was 36.3 psia just prior to ESC and was
increasing at ESC due to a makeup cycle.

During first burn, six over-control cycles were initiated, includim the
programmed over-control cycle jnitiated prior to ESC. The LOX tank
pressurization flowrate variation was 0.24 to 0.29 1bm/s during under-
control and 0.33 to 0.41 1bm/s during over-control system operation. This



variation is normal and is caused by temperature effects. Heat exchanger
performance during first burn was satisfactory.

The LOX “PSP calculated at the interface was 21.7 psi at the first burn
ESC. This was 8.9 psi above the NPSP minimum requirement for start.
The LOX pump static interface pressure during first burn follows the
cyclic trends of the LOX tank ullage pressure.

" ‘Diring orbital coast, the LOX tank ullage pressure experienced a decay

similar to that experienced in the AS-511 flight. This decay was within
the predicted band, and was not a problem.

The vehicle pitch maneuver at insertion resulted in minimal LOX slosh-
ing and no tank venting. Mass addition to the ullage from LOX evapora-
tion was minimal and the ullage pressure stayed below the relief range.

. Repressurization of the LOX tank prior to second burn was required and was

satisfactorily accomplished by the 02/H2 burner. The tank ullage pressure

.wa§‘§?f9 psia at second £SC and satisfied the engine start requirements.

Pressurization system performence during second burn was satisfactory.
There was one over-control cycle, which was nominal. Helium flowrate
varied between 0.33 and 0.41 1bm/s. Heat exchanger performance was
satisfactory.

The LOX NPSP calculated at the engine interface was 22.5 psi at second
burn ESC. This was 10.7 psi aoove the minimum required NPSP for second
engine start. At all times during second burn, NPSP was above the
required level. Figures 7-14 and 7-15 summarize the LOX pump conditions
for first burn and second burn, respectively. The LOX pump run reguire-
ments for first and second burns were satisfactorily met.

The cold helium supply was adequate to meet all flight requirements. At
first burn ESC, the cold helium spheres contained 382 lbm of helium.

At the end of second burn, the helium mass had decreased to 165 1bm.
Figure 7-16 shows helium supply pressure history.

7.1 S-IVR PNEUMATIC CONTROL PRESSURE SYSTEM

The stage pneumatic system performed satisfactorily during all phases
of the mission. The pneumatic sphere pressure was 2390 psia at
jnitiation of safing.

7.12 S-1VB AUXILIARY PROPULSION SYSTEM

The APS demonstrated close to nominal performance throughout flight and
met cor.trol system demands as regquired out to the time of flight control
computer shutoff at approximately 41,532 seconds (11:32:13).

The oxidizer and fuel supply systems performed as expected during the
flight. The propellant temperatures measured in the propellant control

. e t—
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modules ranged from 60 to 107°F. The APS propellant usage was nominal.

~____Table 7-4 presents the APS propellant usage during specific portions

of the missior.

Table 7-4. S-1VB APS Propellant Consumption

» 1 "
BYTOYZEN —THL BITOTZEW —THC ]
Lom| pERCENT | Lo | PERCENT Lo | peecewt | ume | PEPCENT

Inttta) Load 202.8 126.1 201.6 126.1

First Sum (foll Cantrol} 0.8 6.2 0.3 .2 0.5 0.2 0.3 0.2
£CO to End of First APS Ullaging 4.8 7.2 "3 9.0 12.5 6.1 10.0 1.9
(88.7 sec time period)

tnd of First Ullage Sum to 1.2 5.8 7.0 s.6 5.8 2.9 3.6 2.9
Start of Second ullage Bum

Second U)1age Burn 12.5 6.1 9.5 1.8 12.8 6.1 LX) 1.5
(76.7 sec Duration)

‘Secong Burn (Well ConteflY -~ 0.3 0.1 0.2 .2 " 0.3 0.t 0.2 .2
£C0 to Start of First Luner 28.0( 1.7 19.8 | 14.9 %.9 17.9 2.1 1 199
Iapact Burm at 22,200 sec.

First Luner Impact Y1lage (APS-1) 15.0 1.4 1.6 9.2 15.% 7.6 12.0 9.5
Bern (98 sec Duration) \

From End of First Lumar lmpact 1.0 3.4 [ R ) 3.5 1.0 3.4 4.8 1.8
Surn to Start of Second Lumar
{mpact Burm at 40,500 sec.

From Start of Second Lunar 15.2 1.8 12.0 .9 1.0 1.8 12.2 9.7
1apact (APS-2) Burn to FCC Cutoff
(sporoximately 41,533 sec)

Tota) Provellant Usage lM.Ji 51 5.1 ! 59.6 106.8 52.1 7.6 | 61.6

9OTE: The APS provellaat consusption gresentad in this table calculated
from helium bottle pressure nd tevpersters ts.

goth regulators functioned nominally during the mission. The module No. 1
requlator outlet pressure increased from 194 psia to 206 psia as the helium
bottle temperature decreased from 80°F to -40°F. The module No. 2 regu-
lator outlet pressure decreased from 194 psia to 186.5 psia as the helium
bottle temperature increased from 85°F to 166°F. This thermal effect on the
regulator outlet pressure is normal and has been observed on previous
flights. The APS ullage pressures in the propellant tanks ranged from

182 psia to 200 psia.

The performance of the attitude control thrusters and the ullage thrusters
was satisfactory throughout the mission. The thruster chamber pressures
ranged from 95 to 101 psia. The ullage thrusters successfully completed
the three sequenced burns of 86.7, 76.7, and 80.0 seconds; and the two

round commanded lunar impact burns of 98 seconds at 22,200 seconds
6:10:00) and 102 seconds at 40,500 seconds (11:15:00). The Passive
Thermal Control (PTC) Maneuver was successfully completed prior to flight
control-computer shutoff.



The longest attitude control engine firing recorded during the mission

was 0.890 seconds on the

module No. 2 pitch engine at 12,810 seconds

--~-4dring the Transportation Docking and Ejection (TPSE) maneuver.

The average specific impu
mately 220 1bf-s/1bm for

1se of the attitude control thrusters was approxi-
both modules.

'The’Sea1ing'and'transducér mounting block changes incorporated in the

AS-512 APS modules to pre

vent helium leakage such as occurred during the

AS-511 mission were apparently successful. to leakage occurred during

the AS-512 mission.
7.3 A-_'STIYB_ORBITAL

SAFING OPERATIONS

The S-IVB high pressure systems were safed following J-2 engine second ECO.

The thrust developed duri

ng the LOX dump was utilized to provide a velocity

change for S-1VB junar impact. The manner and sequence in which the
safing was gerfqrwgq is presented in Figure 7-17, and in the following

‘paragraphs.
7.13.1 Fuel Tank Safi

The LH» tank was satisfac
Vent (EPV) and the CVS, 2
pressure during safing is
tank ullage pressure was
decayed to zero at approx
vented GH2 agrees with th
610 1bm of GH2 in the tan

7.13.2 LOX Tank Dumpi

LOX dump performance int
ullage pressure is shown

ng

torily safed by utilizing both the Nonpropulsive

¢ indicated in Figure 7-17. The LHp tank ullage
shown in Figure 7-18. At second EEO. the LH2

32.4 psia; after three vent cyclies, this

imately 25,000 seconds (06:56:40). The mass of

e 2224 1bm of residual 1iquid and approximately

k at the end of powered flight.

ng and Safing

nrust, LOX flowrate, oxidizer mass, and LOX
in Figure 7-19.

At 22 seconds into the programmed LOX tank vent following second burn
cutoff, vent system pressures and temperatures indicated momentary
(1ess than 4 seconds) liquid venting. The amount of liquid vented 1s
estimated at less than 20 pounds.

Probable cause was a combination of a later engine LOX bleed valve open-
ing than on previous flights and a vehicle pitch rate correction at J-2
engine cutoff. The engine helium control package was modified, effective
on AS-512, in response to a problem on the previous flight in which a

s-11 stage J-2 engine He
seconds. This modificati

purge valve failed to completely close for 10
on consisted of a change to the J-z engine

LOX Dome/Gas Generator Purge System to incorporate a Purge Control Valve
with readjusted operating pressures, a redundant Purge Check Valve and

purge Control Valve Vent

Line Orifice. These changes resulted in delaying

the bleed valve opening from 7 to 14 seconds after engine cutoff command

(reference paragraph 7.4)

. After second burn shutdown and prevalve/

chilldown shutoff valve closure, the LOX pump inlet pressure increased to

PN RS T
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a greater value than that seen on past flights due to the delayed bleed
valve opening-and consequent added heat transfer. At the same time

LOX tank venting had reduced the LOX tank pressure. These two factors
produce a greater pressure differential between the bieed valve inlet
and the tank at the time of bleed valve opening than was seen on
previous flights. This increased pressure differential wou'd cause the
bleed valve return flow velocity to be greater than normal., The pro-
bable sequence of events that led to liquid venting would be: slosh
activity following cutoff and pitch attitude corrections momentarily
submerged the LOX chilldown return line diffuser durirg the higher than
normal return flow through this line from the bleed valve; the higher
velocity flow into the small amount of remaining liguid dispersed LOX
in the tank in such-a -manner that liquid was ingested into the non-
propulsive vent system.

This LOX venting is not significant for an Apollo mission. However, it
js of concern for a Skylab mission because of the need to conserve
residuals for deorbiting.the,SeIVB/IU. In order to eliminate similar
liquid venting on Skylab missions a procedural change to delay closing
the chilldown valve has been incorporated.

Following vent completion, the ullage pressure rose gradually, due to
self-pressurization, to 23.5 psia by the time of initiation of the
transposition, docking, and ejection (TDAE) raneuver.

The LOX dump was jnitiated at 19,460.2 seconds (05:24:20.2) and was
satisfactorily accomplished. A steady liquid flow ¢ 368 gpm was reached
in 13.3 seconds. The LOX residual at the start of dump was 3928 1bm.
Calculaticus indicate that 2564 1bm was dumped. During dump, the ullage
pressure decreased from 25.1 to 24.4 psia. A steady state LOX dump
thrust of 720 1bf was attained. There was no ullac: gas ingestion, and
LOX dump ended at 19,507.9 seconds (05:25:01.9) as scheduled, by clos-
ing the Main Oxidizer Valve (MOV). The total impulse before MOV closure
was 33,650 ibf-s, resulting in a calculated velczity change of 29.3
ft/sec.

At LOX dump termination +242 seconds, the LOX NPV valve was opened and
latched. The LOX tank ullage pressure decayed from 24.4 psia at 19,750
seconds (05:29:10) to near zero pressus e at approximately 24,000 seconds
(06:40:00) as shown in Figure 7-20. Sufficient impulse was derived frcm
the LOX dump, LHp CVS operation, and APS ullage burn to achieve lunar
impact. For further uiscussion of the Junar impact, refer to section 17.

7.13.3 Cold Helium Dump

A total of approximately 159 1bm of cold helium from “he bottles sut-
merged in the LH2 tank was durped through the cold He dump module during
the three programmed dumps which occurred as shown in Figure 7-17.
7.13.4 Ambient Helium Dump

The two LOX ambient repressurization spheres were dumped through the LOX
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Figure 7-20. S-IVB LOX Tank Ullage Pressure - Translunar Coast

ambient repressurization control module into the LCX tank NPV system for
40 seconds beyinning at 11,938 seconds (03:18:58). During this dump,
the pressure decayed from 2900 psia to approximately 120C psia.

A modification to the stage ambient He system, effective with AS-512,
provided an interconnect through a normally closed valve to the APS He
bottles. This interconnect provides an APS recharge capability in

the event that He losses, simila- to those seen on AS-511, occur. In
order to retain the recharge capability through the initiation of the
first APS lunar impact burn (APS-1), the AS-512 LH2 ambient repressuri-
zation sphere dump time was reduced to 15 seconds as opposed to the
AS-511 dump time of 1070 seccnds. The 15-second dump began at 21,196
seconds (05:53:16) and approximately 6.3 1bm of He was dumped via the
fuel tank and the non-propulsive veri.

7.13.5 Stage Pneumatic Control Sphare Safing

The stage pneumatic control sphere and the LOX repressurization spheres
were safed by initiating the J-2 engine pump purge for a one-hour period.
This activity began at 18,180 seconds (05:03:00) and satisfactorily
reduced the pressure in the spheres f-om 2390 to 1300 psia.



7.13.6 Engine Start Tank Safing

The engine start tank was safed during a period of approximately 150
seconds beginning at 15,509 seconds (04:18:29). Safing was accomplished
by opening the start tank vent valve. Pressure was decreased from

1300 to 20 psia with approximately 2.78 1tm of iiydrogen being vented.

7.12.7 Engine Control Sphere Safing

The enginé control sphere He dump was reduced to 16 sec on AS-512 as
opposed to 1C0C seccnds on AS-511 to retain an APS He recharge capability
as discussed in 7.13.4.

The safing of the engine control sphere began at 21,216.4 (05:£3:26.4)
by energizirg the helium control solenoid to vent helium through the
engine purge system.” "The helium control sphere vented until 21,232.4
seconds (05:53:52.4) with the initial pressure of 2970 psia reduced to
1340 psia at vent termination.

7.14 S-1ve HYDRAULIC SYSTEM

7.14.1 Boost and'First Burn

The $-1VB Hydraulic System performed within the predicted Timits after
liftoff with nu overboard venting of system fluid as a result of hydraulic
fluid expansion. Prior to start of propellant loading, the accumulator was
precharged to 2440 psia at 85°F. Reservoir oil level (auxiliary pump of f)
was 82 percent at 65°F at 20 minutes prior to launch.

During S-1C/S-11 boost, all system fluid temperatures rose steadily
when the auxiliary pump was operating and convection cooling was
decreasing. The suppiy pressure during the S-1VB first burn was 3570
psia which was within the allowable limits of 3515 to 3665 psia.

The engine driven hydraulic pump operated properly as jndicated by the
current drop at engine start. Due to the close pressure settings of the
pumps and the minimum demand by the system, the auxiliary pump provided
the system internal fluid leakage rate of 0.63 gal/min (0.4 to 0.8 gpm
allowable) for the burn. This js characterized by the pump motor current
draw of 42 amperes.

7.14.2 Parking Orbit and Second Burn

The auxiliary hydraulic pump was progranmed to flight mode "ON" at

11,198 seconds for engine restart preparations. System pressure stabilized
at 3530 psia. At engine start, system pressure increased to 3580

psia and remained steady for approximately 140 seconds. The engine

driven pump furnished most of the leakage flow during this period as
evident by a current draw from Aft Battery No. 2 of 22 amperes. Follow-
ing the first 140 seconds, the auxilfary hydraulic pump began sharing a
portion of the leakage flow as indicated by an increase in current to

7-28



29 amps and a slight decrease in system pressure. later, during the
burn, the engine driven pump again furnished the leakage flow require-
ments for approximately 30 se~onds followed by the auxiliary pump fur-
nishing most of .the leakage flow as evident by shifts in Aft Battery
No. 2 current. System temperatures were normal during the burn. Pump
inlet o0il temperature responded to the changes in Aft Battery No. 2
current as the pressure and flow output varied between the two pumps.

The most-probable cause for- the jnteraction between the two pumps is the
close pressure settings between the two pumps and frictional hysteresis
in the engine drive pump flow-regulating mechanism. The operation of

the hydraulic system during the first and second burns was nominal and
the interaction between the two pumps js within the design specification
of the system. It should be noted that this interaction between the

two pumps does -not indicate-an impending malfunction and does not degrade
the reliability of the engine driven pump or auxiliary hydraulic pump.
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SECTION 8
e e .- STRUCTURES

8.1 SUMMARY

The structural loads experienced during the S-IC boost phase were well
below design values. The maximum bending moment was 96 x 106 1bf-in at
the S-IC LOX tank (less than 36 percent of the design value). Thrust
cutoff transients experienced by AS-512 were similar to those of previous
flights. The maximum longitudinal dynamic responses at the Instrument
Unit (IU) were +0.20 g and #0.27 g at S-1C Center Engine Cutoff

and Outboard Engine Cutoff JOECO), respectively. The magnitudes of the
thrust cutoff responses are considered normal.

During S-IC stage boost, four to five hertz oscillations were detected
beginning at approximately 100 seconds. The maximum amplitude measured
at the IU was +0.06 g. Oscillatiens in-the- four to five hertz range
have been observed on previous flights and are considered to be normal
vehicle response to flight environment. POGO did not occur during S-IC
boost.

The S-1! stage center engine LOX feedline accumulator successfully
jnhibited the 16 hertz POGO oscillations. A peak response of +0.4 g

in the 14 to 20 hertz frequency range was measured on engine No. 5 gimbal
pad during steady-state engine operatior. As on previous flights, low
amplitude 11 hertz oscillations were experienced near the end of S-II
burn. Peak engine No. 1 gimbal pad response was +0.06 g. POGO did not
occur during S-11 boost. The POGO limiting backup cutoff system per-
formed satisfactorily during the prelaunch and flight operations. The
system did not produce any ciscrete outputs and should not have since
there was no POGO.

The structural loads experienced during the S-IVB stage turns were well
below design values. During first burn the S-1VB experienced low ampli-
tude, +0.14 g, 16 to 20 hertz oscillations. The amplitudes measured

on the gimbal block were comparable to previous flights and within the
expected range of values. Similarly, S-IVB second burn produced inter-
mittent lov. amplitude oscillations of #+0.10 g in the 11 to 16 hertz
frequency range which peaked near second burn cutoff.

8.2 TOTAL VEHICLE STRUCTURES EVALUATION
g.2.1 Longitudinal Loads
The structural loads experienced during boost were well below design

values. The AS-512 vehicle liftoff steady-state acceleration of 1.2 g
was slightly higher than predicted (1.19 g), resulting in slightly higher
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longitudinal loads but no associated problems. Maximum longitudinal
dynamic response measured during thrust buildup and release was +0.21 g
in the IU and +0.40 g at the Ccmmand Module (CM), Figure 8-1. Comparable
values have been seen on previous flights.

2

g,‘X'NS.TTU"E?”?‘”Ei_i"l“H““ | W-—j’" i IJ/HA‘*-.]‘
N AT AN AR RRERAASEARS |

2 -1 3 ! 2 3

o RANGE TIME, SECONDS

3¢ ComAND O0ULE T T 1

z e
ER e cusannntasasan T I
< -1 0 1 2 3

RANGE TIME, SECONDS

Figure 8-1. AS-512 Longitudinal Acceleration at IU and CM During
Thrust Build-up-and Launch

The F-1 engine thrust buildup rates were normal. The ignition sequence
was 2-1-1-1 with engines 3 and 4 igniting early relative to the center
engine. Whiie the desired 1-2-2 start sequence was not achieved, the

time deltas between pairs of diametrically opposed engines were within the
3¢ dispersion used in preflight loads analyses (229 ms). The desired
start sequence apparently cannot be expected with high confidence, but

the structural loads on the SA-513 vehicle have been analvzed using start
sequence stagger times both less and significantly larger than experi-
enced on AS-512 with no problems arising. Thus the AS-512 ignition
sequence has been established as not detrimental to SA-513.

The longitudinal loads experienced at the time of maximum bending moment
(79 seconds) were as expected and are shown in Figure 8-2. The steady-
state longitudinal acceleration was 2.02 g.

Fiqure 8-2 also shows that the maximum longitudinal loads imposed on the
s-1C stage thrust structure, fuel tank, and intertank area occurred at
s-1C CECO (139.3 seconds) at 2 longitudinal acceleration of 3.79 g.

The maximum longitudinal 1oads imposed on all vehicle structure above
the S-1C intertank area occurred at S-I1C OECO (161.2 seconds) at an
acceleration of 3.87 g.

Combined compression and tension loads were computed for the max imum
bending moment, CECO and OECO conditions, using the loads shown in
Figures 8-2 and 8-3 and measured ullage pressures. Those loads
which produced minimum safeiy margins are plotted versus vehicle sta-
tion along with the associated capabilities in Figure 8-4. The
minimum ratio of capability to load is at Station 1541 for the OECO
condition.
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8.2.2 Bending Moments
The peak vehicle bending moment occurred during the maximum dynamic
pressure phase of boost at 79 seconds, Figure 8-3. The maximum bending
moment of 96 x 106 1bf-in at vehicle station 1156 was less than 36
percent of design value.
8.2.3 Vehicle Dynamic Characteristics
8.2.3.1 Longitudinal Dynamic Characteristics

During S-IC stage boost, the significant vehicle response was the

expected four to five hertz first longitudinal mode response. The low ampli-

tude oscillations began at approximatel;” 100 seconds and continued
until S-IC CECO. The peak amplitude measured in the IU was +0.06 g,
the same as seen on AS-510 and AS-511. The AS-512 IU response during
the oscillatory period is compared with previous flight data in Figure
8-5. Spectral analysis of engine chamber pressure measurements shows
no detectable buildup of structural/propulsion coupled oscillations.
PoRC did not occur during S-IC boost.
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Engine 2 outboard fuel suction duct 1 pressure data (D146-115) showed a
high amplitude (8 psi peak) 11 Hz oscillation throughout most of the
$-1C stage burn. The 11 Hz frequency content was also found in the
relatcd fuel suction inlet pressure measurement D4-102 where it appears
as an aliased 1 Hz fregquency of similar amplitude.

This 11 Hz oscillation has been observed on previous flights for various
time periods and comparable amglitudes. In particular, the fuel inlets
on Engine 5 on AS-501 (D146-115 and D149-115) exhibited a 12.5 Hz,

8 psi peak amplitude oscillation throughout flight.

This observed oscillation ijs a combined pump-propellant feed line pres-
sure oscillation that occurs under certain Net Positive Suction Pressure
(NPSP) conditions which were met for Engine 2 for most of the AS-512 S-IC
burn time. This is not a POGO phenomenon. No significant vehicle
response occurred at this frequency.

The AS-512 S-IC CECO and OECO transient responses were equal to or less
than those of previous flights. The maximum longitudinal dynamics
resulting from CECC were $0.20 ¢ at the IU and +0.50 g at the CM,
Figure 8-6. For OECO the raximum dynamics at the IU were +0.27 g and
+0.80 g at the CM, Figure 8-7. The minimm CM acceleration level of

20.60 g occurred at approximate1y the same time and is somewhat lower
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than on previous flights but considered normal.

The S-11 stage center engine accumulator effectively suppressed the 16
hertz POGO phenomenon. The flight data show that the 16 hertz oscilla-
tions were inhibited with amplitudes comparable to those seen on AS-511,
Figure 8-8. The peak 14 to 20 hertz center engine gimbal response was
approximately +0.4 g, as compared to +0.5 g on AS-511. POGO did not
occur.

The usual transient responsé in the center engine LOX pump inlet
pressure was experienced shortly after accumulator fill was initiated.
The peak response was approximately 34 psi peak-to-peak with a frequency
of approximately 70 hertz, Figure 8-9. The LOX pump inlet pressure

on AS-511 had a higher freauency content, a longer duration, and lower
amplitude (13 psi peak-to-peak) but AS-512 is similar to AS-510 (45

psi peak-to-peak at 68 hertz). Such variation: are not unique and the
causes are attributed to the individual pump characteristics. There are
no parallel increases in responses among the other engine pressures

and the structural accelerations which 2gain indicates the lack of
strong coupling between the transient pressure response and tne structural

accelerations.
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As on prior flights, very low 11 hertz oscillations were noted near the
end of S-11 burn. The AS-512 peak engine No. 1 gimbal pad response was
+0.06 g as compared to +0.07 g on AS-511,

During S-11 burn, between 184 and 207 seconds range time, the vibration
Jevel on the S-IVB gimbal block was discernible above the noise floor,
Figure 8-10. The maximum acceleration of the gimbal block in this inter-
val was about +0.06 g. The signature of this signal appears to be wide
sand random. No signature similar to the S-1v8 gimbal block oscillation
was apparent on the various s-11 dynamic parameters, i.e., the structural
vibrations, the LOX pump inlet pressure fluctuations and the combustion
chamber pressure fluctuation. Figure 8-11 compares the spectrum of the
S-1VB gimbal block signal with. the spectrum of the S-II center engine
thrust pad. The spectrum associated with the center engine indicates

a very low level response concentrated in the 20 hertz region. The
S-1v8 gimbal block has the character of a random response across the
frequency spectrum. This demonstrates that the S-IVB phenomena is
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not the result of a forced response due to an excitation emanating
from the S-11. The S-IVB gimbal block vibration spectrum shows an
order of magnitude increase when the noise occurs whereas the S-IVB
LOX pump inlet pressure shows little change, Figure 8-12. The higher
levels at frequencies from 5 to 20 hertz on the gimbal block do not
occur in the LOX pump inlet pressure, Therefore it is concluded that
the disturbance is not valid vibration data. Also, the amplitude
during this disturbance, if valid, would produce insignificant dynamic

loads on the stage.
puring AS-512 S-1VB first burn, low frequency (16 to 20 hertz) longitu-
dinal oscillations very similar to those observed on AS-511 were

evident. The AS-512 amplitudes (+0.14 g at gimbal block) were well
below the maximum measured on AS-505 (+0.30 g) and within the expected

range of values.

AS-512 S-1VB second burn produced jntermittent 11 to 16 hertz oscilla-

tions similar to those experienced on previous flights. The oscillations

began approximately 135 seconds prior to cutoff and had a maximum value
of +0.10 g measured cn the gimbal block. This compared to +0.05 g on
AS-510 and +0.08 g on AS-511.
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8.2.4 yibration

There were no significant yibration environments jdentified on AS-512.

A comparison of AS-512 data with data from previous flights show similar
trends and magnitudes.

The "buzz" reported by the astronauts on AS-511 flight is again apparent
on AS-512 at approximately 63 hertz in the pump inlet pressure measure-
ment as it has been on previous flights. The vibrations can also be
seen on selected propulsion pressure measurements (Figure 8-13). The
AS-512 data show amplitudes similar to AS-511 (1ess than 1.0 psi rms).

A review of AS-510 data showed similar vibration at approximate\y 72
hertz. The vibration js related to normal stage propulsion system
operation and probably characteristic of the J-2 turbomachinery. These
vibrations pose no POGO or any other structural concerns, and are of

very low ampli tude.

8.3 s-11 POGO LIMITING BACKUP CUTOFF SYSTEM

The backup cutoff system provides for automatic S-I1 CECO if vibration
response levels exceed predetermined levels within the preselectes fre-
quency band. The system consists of three sensors, a two-out-of-three
voting logic, an engine cutoff arming function, and an automatic disable
function which is effective until the arming operation has occurred.

The system did not produce discrete outputs at any time. The accelero-
meter analog outputs were well below the levels which would produce 2



e T

-

AT

discrete output even during the engine start pericé when the system was
not armed. After arming, the analog output did nct exceed cne g.
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SECTION 9
GUIDANCE AND NAVIGATION "~ "=~

9.1 SUMMARY

The Stabilized Platform and the Guidance Computer successfully supported -
the accomplishment of all guidance and navigation mission objectives

with no discrepancies in performance of the hardware. The end condi-

tions at Parking Orbit Insertion and Translunar Injection were attained with
insignificant navigation error.

Two anomalies related to the flight program did occur. At approximately '
5421 seconds range time (T5 +4718.8) minor loop error ‘elemetry indicated

an unreasonable change in the yaw gimbal angle during cne minor loop.

At the re-initialization of boost navigation for S-IVB second burn the

extra accelerometer readings normally telemetered from Guidance Reference
Release (GRR) to liftoff plus 10 seconds were restarted and continued =~ -
throughout second burn boost navigation. Neither of these anomalies sig-
nificantly impacted navigation, guidance and control. A detailed discussion
is included in Section 9.3.3 and 9.3.4.

A minor discrepancy occurred during S-II burn, when the yaw gimbal angle
failed the zero reasonableness test twice, resulting in minor loop error
telemetry at 478.3 seconds (T3 +317.2) and 559.4 seconds (T3 +398.2).
Detailed discussion of this occurrence is included in Section 9.3.2.

9.2 GUIDANCE COMPARISONS

The postflight guidance error analysis was based on comparisons of tele-
metered position and velocity data with corresponding values from the
final postflight trajectory (21 day observed mass point trajectory) as
established from telemetry and external tracking (see paragraph 4.2).
Comparisons of the inertial platform measured velocities (PACSS 12) with
corresponding postflight trajectory values from launch to earth parking
orbit (EPO) are shown in Figure 9-1. At EPO insertion these diffarences
were 0.47 m/s (1.54 ft/s), 3.07 m/s (10.07 ft/s), and 0.18 m/s (0.59 ft/s)
for vertical, crossrange and downrange velocities, respectively. The
inplane differences are very small. The crossrange velocity difference

is somewhat larger than expected from laboratory measured hardware

errors. However, this difference includes trajectory errors as well

as platform measurement errors and is well within the combined accuracies.
There was no indication of either inplane or crossrange velocity error
caused by an accelerometer hitting its mechanical stop during thrust
buildup on AS-512.

Platform velocity differences for the translunar injection burn are shown

9-1
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in Figure 9-2. At Time Base 6 (T6) minus 7.21 seconds, the platform
velocity measurements were properly set to zero in the LVDC and the
corresponding trajectory data were adjusted accordingly for comparison '
with the LVDC outputs. The differences shown in Figure 9-2 reflect_
adjustments made to the telemetered platform velocities during con-
struction of the trajectory initialized to a parking orbit state

vector and constrained to a state vector near TLI which was determined
from post TLI tracking. The inplane (vertical and downrange) velocity
difference profiles are not characteristic of hardware errors.  However,
the deviations are small and reflect an inconsistency between the
initial and terminal trajectory state vectors. The cressrange velocity
difference is greater than exgected but well within the accuracy of the
trajectory and 3 sigma hardware errors and the error profile is charac-
teristic of platform misalignment due to drift over the long coast
before second burn. o .
Telemetered platform system velocity measurements at sisnificant event

times are shown in Table 9-1 along with corresponding data from both

the postflight and Operational (predicted) Trajectories (0T). The dif-
ferences between the telemetered and postfiight trajectory data reflect = _
some combination of small guidance hardware errors and tracking errors.

The differences between the LVOC and OT values reflect differences

between actual and nominal performance and environmental conditions.

The values shown for the second burn are velocity changes from T6. The
characteristic velocity accumulated during second burn was 0.44 m/s

(1.44 ft/s) greater than the OT which indicates slightly more stage
performance was required to meet the targeted end conditions. The
telemetered data indicated 0.32 m/s (1.05 ft/s) less than the postflight
trajectory. The difference in indicated performance between the telemetered
and postflight trajectory data reflects small errors in the state

vectors to which the guidance velocities were constrained to generate

the boost-to-TLI trajectory. The velocity increase due to thrust decay

was 0.01 m/s (0.033 ft/s) less than the OT after first ECO and 0.05 m/s
(0.16 ft/s) greater than the 0T after second ECO, indicating very good
prediction in both cases.

Comparisons of navigation (PACSS 13) positions, velocities and fliaht
path angle at significant event times are presented in Table 9-2. Dif-
ferences between the LVDC and 0T values reflect off-nominal flight
environment and vehicle performance. At first S-IVB ECO total ve.-~ity
was 0.20 m/s (0.66 ft/s) less than the OT and the radius vector was

30.8 m (101.0 ft) greater than the OT. At S-I1VB second ECO orbital
energy (C3) was 1849 me/s2 greater than the OT value of -1,769,443 mzlsz.
The LVDC and postflight trajectory were in excellent agreement, except
for crossrange, for the boost-to-EPO portion of flight. The crossrange
component differences are within the accuracy of the data compared.

The state vector differences during parking orbit were very small as
compared to prior Saturn Vv flights. These small differences during
parking orbit indicate that the vent thrust was effectively the same

as programmed in the LVOC. The postflight trajectory and LVDC state
vectors at TLI were in relatively good agreement. The difference in C3 ')

VS o

L

9-3
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Table 9-1.

(PACSS-12 Coordinate System)

Inertial Platform Velocity Comparisons

VELOCITY - M/S (FT/S)
EVENT DATA SOURCE :
VERTICAL CROSS RANGE DOWN RANGE
(x) {v) (2)
Guldance (LVOC) Z 631.7% T80 2 204.15
(8 634.35) (-38.71) (7 231.46)
s-1C Postflight Trajectory | 2 631.68 -11.07 220378
0£CO (8 634.12) (-36.32) (7 230.12)
Operational Trajectory 2 637.75 -3.37 2 201.44
(8 654.03) (-11.05) (7 222.56)
Guidance (LVDC) 3 408.84 4.50 6 812.20
(11 183.86) (14.76) (22 349.78)
prks Postflight Trajectory | 3 409.52 7.07 6 810.92
{11 186.09) (23.20) (22 345.54)
Operational Trafectory! 3 425.35 1.87 6 787.06
(11 238.04) (6.14) (22 267.25) |.
Gutdance (LVDC} 3 212.45 -1.57 . 7 603.88
(10 §39.53) (-5.15) (26 947.11)
s-1v8
Postfifght Trajectory 3 212.95 1.45 . 7 603.99
FIRST ECO (10 541.18) (4.76) (24 947.49)
Operatonal Trajectory 3 226.31 -1.18 7 606.72
(10 584.99) {-3.88) (24 956.44)
Guidance {LVDC) 3 211.95 -1.65 7 605.55
(10 537.89) (-5.41) (24 952.59)
PARKING
Postflight Trajectory 3 n2.42 1.42 7 605.73
ORBIT
TRSERTION (10 539.44) (4.66) (24 953.18)
Operational Trajectory| 3 225.76 -1.19 7 608.39
{10 583.19) (-3.91) (24 961.89)
Gutdance (LVOC) -2 766.68 -22.40 1 499.70
(-9 077.03) (-73.49) (4 920.28)
5-1v8
Postflight Trajectory -2 766.91 -11.97 1 500.07
SECOND ECOe (-9 077.79) (-39.27) (4 921.49)
operational Trajectory| -2 769.00 -22.M 1 494,47
(-9 084.63) (-74.51) (4 903.13)
Guidance (LYDC) -2 70.20 -22.80 1 501.00
(-9 088.58) (-73.49) (8 924.54)
TRANSLUNAR
Postflight Trajectory | -2 770.33 -1.87 1 501.47
INJECTION® (-9 089.01) (-28.94) (4 926.08)
Operations] Trajectory] -2 .47 .72 1 495.75
(-9 096.04) (-74.55) (4 907.33)

*Yalues represent velocity chenge from Time Base 6.
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at TLI was -1887 mZ/s2 (trajectory minus LVYDC). Figure 9-3 presents the
state vector comparisons during EPO. The LVDC data not received because
of non-continuous station coverage were simulated by initializing to a
telemetered state vector and integrating a trajectory using f1ight program
navigation equations and programmed vent accelerations. At T6, the differences
in total position and velocity were 872 meters in radfus and 1 m/s in
velocity and are not significant.

The AS-512 vehicle was guided to the targeted end conditions with a high
degree of accuracy. Vent thrust was effectively nominal during EPO.

Figure 9-4 presents the continuous vent thrust reconstruction alony with

0T predictions and three-sigma envelope. The upper portion of Figure

9-4 shows the orbital acceleration derived from the platform measure-

ments adjusted for accelerometer bias. The LVDC prograrmed acceleration.

is also shown. The oscillations in acceleration from orbital navigation
(804.2 seconds) to about 2500 seconds may not be real. During this pericd
only compressed data were available for a curve fit of the telemetered
velocity outputs. However, the area under the curve which represents

the accumulated velocity over this time span is essentially nominal.
The LVDC state .ector at TLI was compared with the 0T and postflight”
trajectories and the differences are presented in Table 9-3. The LVCC
radius vector was 5093.1 meters (16,709.6 ft) higher than the OT and
686.7 meters (2253.0 ft) lower than the postflight trajectory value.
Telemetered total velocity was 4.24 m/s (13.91 ft/s) less than the OT
and 0.83 m/s (2.72 ft/s) higher than the postflight trajectory. The
guidance system was highly successful in measuring the vehicle per-
formance and generating proper commands to guide the vehicle to desired
conditions as shown in Table 9-4.

9.3 NAVIGATION AND GUIDANCE SCHEME EVALUATION

The LVDC flight program performed all required functions properly. Two
anomalies are reported in paragraphs 9.3.3 and 9.3.4., Neither signi-
ficantly affected flight program performance.

9.3.1 variable Launch Azimuth

Due to the unscheduled hold in the countdown at apprcximately T-30 seconds,
the variable launch azimuth function of the flight program was required

to perform over a time variation greater than for any previous Saturn

V vehicle. The two hour 40 minute launch delay resulted in a change of

the flight azimuth from 72.141 degrees to 91.504 degrees East of North.

The performance of fl1ight program in achieving the targeted parameters

was satisfactory.
9.3.2 First Boost Period

A1l first stage maneuvers were performed within predicted tolerances and
Iterative Guidance Mode (16M) performance for first boost was nominal.
The steering commands telemetered during first boost are illustrated

in Figure 9-5. Table 9-4 shows the terminal end conditions for first
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Table 9-3. State Vector Differences at Translunar Injection
OPERATIONAL POSTFLIGHT

PARAMETER TRAJECTORY TRAJECTORY
MINUS LVDC MINUS LVDC

;XS, meters 35 370.6 4 261.1
(feet) (117 045.3) (13 980.0)

AYS, meters 93.6 3 868.6
(feet) (307.3) (12 692.3)

AZS, meters -13 706.7 -330.6
(feet) (-44 969.5) (-1 084.6)

AR, meters -5 093.1 687.7
(feet) (-16 709.6) {2 253.0)

Ais, m/s 7.13 2.30
{ft/s) {23.39) - - (7.55)
Somis - -0.15 11.19
(ft/s) (-0.49) (36.71)

aZg, m/s | 30.74 3.76
(ft/s) (100.85) (12.34)

AV, m/s 4.24 -0.83
(ft/s) (13.91) (-2.72)

burn. Terminal conditions were obtained by linear forward extrapolation
using the velocity bias aVp = 1.514 meters/second to establish the
extrapolation interval beyend velocity cutoff.

Minor loop error telemetry indicated an unreasnnable zero reading of
the yaw (Z) gimbal at 478.4 saconds (T3 +317.2) and again at 559.4
seconds (T3 +398.2). The test for an unreasonable zero reading was
designed to detect a failure of the gimbal resolver power source. If
two successive readings of the gimbal are found to be zero while the
past attitude error magnitude exceeds the test constant (0.06 degrees)
the zero reasonableness test is failed and minor looup error telemetry
is generated. If the fine resolver fails the zero test three times in
0.8 seconds during boost, a failure of the fine resolver is assumed and
the corresponding backup resolver is selected for attitude information
for the remainder of the mission. Since gimbal and ladder data at the
times of the error telemetry indicate zero yaw with yaw ladders (indi-
cative of yaw attitude error) greater than the test constant, the flight
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FIRST BURN
| ERROR
PARAMETER DESIRED ACHIEVED (ACHIEVED-DESIRED )
Terminal Velocity, VT 7804.0613 7803.8796 -0.1817
{m/s)
Radfus, RT (meters) 6,544 ,846.0 6,544 ,838.51 -7.49
Path Angle, OY 0.0 -0.000741 -0.000741
(degrees)
Inclination, 1 28.52385% 28.524201 0.000346
{degrees)
Descending Node, i 87.019862 87.018449 -0.001413
l (degrees)
SECOND BURN.
: .. . .Engm ‘ .
PARAMETER OESIRED ACHIEVED (ACHIEVEDoDESIRED)
Eccentricity, E 0.97220895 0.97219893 -0.00001002
Inclination, I 28.42049%6 28.424998 0.000500
(degrees)
Descending Node, A 86.143262 86.142845 -0.000417
(degrees)
Argument of Perigee, 24.936942 24.925433 -0.011509
a0 (degrees)
Energy, C3 (2/sec?) .1,683,990.0 | -1,684,562.323 -5712.33
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Table 9-5. Coast Phase Guidance Steering Commands at Major Events

- COSWNDED STEERING ANGLES, DEGREES
PERIOD EVENT TIME, SECOMDS ROLL (X) PITCH (¥} vhe 12}
Earth Inftiate Ordital Guidance TS +0.0 -0.7422 -106.8477 P
Parking vt Freeze 0s.84 .55
oroit
[nitiate Mareuver tO 7§ «21.538 0.000G -117.680) 21
Local Hortzontal ~a.1268
Inittate Orital TS «101.378 - - -
Navigation
Post Inftiate Ordital Guidance 17 «0.0 0.3404 -1569.9388 9.0084
i v Freeze ’
In{tiate Orvital T7 +152.003 .- .- -
Navigation
[nittate Maneuver to T7 »152.033 0.0000 -179.290 1
Local Horizontal B3 0.2
In'ituu TDAE "aneuver T7 +9CV.032 : 180.3000 -105.1028 40.258"
- S.d LR LT c - . ) ) Jhd '
TOM Maneuver Camplete T7 5194.4 - - .
- Y
Inftiate Lunar [mpact T8 +581.014 180.0000 -94.3541 -18.6886
Local feference Maneuver

Miror loop error telemetry issued at approximate.y 5421 seconds (T5 +4715.8)
indicated an unreasonable change in successive readings of tne yaw gim-
bal angle. The test for a reasonable change is made by comparing the
differenc2 in past and current gimbal readings with a preset test
constant. If the change between past and current gimbal readings
exceeds the respective test constant for pitch, yaw, or roll the change
is considered unreasonable. The magnitu.e of the yaw test constant at
the time of the failure was 0.2 degree/minor loop. If a fine resolver
fails tne reasonableress test three times in one second during orbit
the corresponding backup (coarse) resolver reading is selected for
attitude information for the remainder of the mission. Since only one
unreasonable change was found, the backup yaw gimbal was not selected.

Evaluation of the gimbal angle data from the time of the error telemetry
indicated that the yaw (Z) backup gimbal reading was erronecusly com-
pared with a fine resolver reading instead of the proper comparisJn of
two successive fine resolver readings. Further investigation revealed
the initiation of the once per 100 second data compression module at the
time of the minor loop interrupt. The occurrence of the minor locp
interrupt during a particular six irstructicn interval at the start of



the data compression resulted in the replacement of the fine yaw gimbal
reading by the backup yaw gimbal. Since the backup reading was rejected
as unreasonable, the next fine gimbal reading was properly compared

with the last reascnable fine gimbal reading and all subsequent reasonable-
ness tests were passed. The possibility of a similar occurrence on sub-
sequent missions has peen eliminated by starting a read of the currently
selected Z gimbal . ssolver (fine or backup) at the end of data compression.

9.3.4 Second Boost Periocd

The December 6 target objectives resulted in nearly constant-time-of-
arrival trajectories across the launch window. Therefore the targeting
parameters calculated in preparation for second burn defined a higher
energy transfer orbit which compensated for the 2 hour 40 minute Taunch
delay and enabled completion of the junar landing and exploration on the
originally planned timeline.

sequencing of restart preparations occurred as scheduled. T6 was ini-
tiated at 10,978.6 seconds. Extra accelerometer telemetry was noted
throughcut the second boost navigation periods. This is discussed in
the following paragraphs.

" Upon reinitiation of boost navigation at 10,971.4 seconds the extra e
accelerometer readings, that should have been telemetered only from

GRR to T +1C, were reinitiated and continued throughout second boost - - T
navigation. This resulted from the extra accelerometer read module

being queued in with the periodic processor at GRR and again at second

boost initialize. The readings were not stopped as in first boost,

because there was no counterpart to the T +10 second cue during second

boost. In previous flight programs the extra accelerometer readings

were queued in separately after GRR and were not queued in again at

second boost. A class I1 change effective with AS-512 reduced the

priority of these accelercmeter readings and placed their start time

at GRR. Tne only effect of this problem was a s1ight lengthening of the

computation cycle during second boost but this was accounted for by the

flight program without adverse results. Since no further missions )
with a S-1VB second burn are planned no program changes are recommended -
but documentation of the occurrence has been accomplished for future

reference.

IGM for the S-IVB second burn was implamented at 11,562.7 seconds
(T6 +584.1). Pitch, yaw and roll attitude angles for second burr
are shown in Figure 9-6.

rable 9-4 shows the terminal end conditions for the S-1VB second burn. T
Nesired values are the telemetered target values and actual terminal s
values were obtained by linear forward extrapolation using a velocity

bias of tVpra = 3-660 meters/sacond.

9-1 4 A\._"‘ ~
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9.3.5 pPost-TL] Period

pPost TLI guidance proceeded as expected. Table 9-5 presents the com-
manded steering angles for some major events.

Two lunar impact APS burns were commanded from Mission Control Center-
Houston (MCC-H) at 21,735 seconds (6:02:15) and 39,754 (11:02:34),
respectively. The first turn of 98 seconds duration was started at

the commanded time of 22,200 seconds (6:10:00). The second burn was
commanded to start at 40,500 seconds (1:15:00) with a duration of 102
secords. Both burns were properly implemented by the flight program
with the desired attitude changes occurring upon acceptance of the
Digital Command System (0CS) commands, ignition times and burn durations
occurring as commanded.

The three-axis tumble was started by a zero burn set of lunar impact
commands beginning at 41,502 seconds. Changes of +31 degrees to pitch,
yaw and roll were commanded establishing tumble rates, followed by

Flight Control Computer power off »A" and “B" commands at 41,519

seconds and 41,530 seconds, respectively. (Power off "A" and “B"

switch selectors were issued at 41,521 and 41,532 seconds, respectively.)

The telemetry subcarrier osciilator was commanded off by the flight
program at 49,620 seconds after which no further telemetry data was
available.

9.4 NAVIGATION AND GUICANCE SYSTEM COMPONENTS

The navigation and guidance hardware satisfactorily supported the accom-
plishment of mission objectives. No anomalies were observed during the
AS-512 flight.

9.4.1 ST-124M Stabilized Platform System

The three gyro servo 100ps responded properly to all vehicle perturbations.
Maximum deflection during the 1iftoff period was 0.3 degree on the Z

gyro pickoff. As on previous vehicles the 5 Hz oscillation (0.2° peak-
to-peak) occurred from s-1C CECO to S-1C OECO.

The largest disturbance occurred at Spacecraft/IU separation when the
X gyro pickoff deflected 0.8 degree, well within limits for proper
control.

The three accelerometer servo loops operated within previously experi-
enced limits. Peak deflections of the accelerometer gyro pickoffs
occurred during the heavy vehicle vibration period at 1iftoff. Maxi-
mum excursions were as follows:

9-16



X Y z

Positive 2.5 deg.

5.0 deg.
Negative 2.1 deg. 4.54d

3.0d
eg. 2.9 deg.
9.4.2 Guidance Computer

The LYDC and LVOA performed satisfactorily, and no hardware anomal ies
were observed during any phase of the AS-512 mission.
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SECTION 10
CONTROL AND SEPARATION

10.1 SUMMARY

A1l control functions and separation events occurred as planned. Ergine
gimbal deflections were nominal and Auxiliary Propulsion System (APS)
firings predictable thrcughout powered flight. A1l dynamics were within
vehicle capability, and bending and slosh modes were adequately stabflized.

The APS provided satisfactory orientation and stabilization during
parking orbit and from Translunar Injectfon (TLI) through the S-1YB/IU
passive thermal control maneuver. APS propellant consumption for
attitude control and propellant settling prior to the APS burn for lunar
target impact was lower than the mean predicted requirements.

A1l AS-512 separation sequences were performed as planned with no
anomalies. Transients due to spacecraft separation, docking, and Lunar
Module ejection appeared to be nominal.

10.2 S-1C CONTROL SYSTEM EVALUATION

-~

10.2.1 Liftoff

The liftoff tower clearance maneuve. occurred as planned. Table 10-1
sumarizes 1iftoff conditions and misalignments.

10.2.2 Inflight Dynasics

The AS-512 control system performed satisfactorily during S-IC boost.
Jimsphere measurements indicate that the peak wind speed encountered
was 45.1 meters/second at 12.2 kilometers altitude with an azimuth of
311 degrees. The peak wind speed calculated from the Q-ball data was
40.5 meters/second at 12.2 kilometers with an azimuth of 313.1 degrees.
The yaw wind component in both cases was 28.6 meters/second, which is
near the 99 Percentile yaw wind component for Decesber (29.7 meters/
second for a 90 degree launch azimuth). The pitch component was near
50 percentile. The control system adequately stabilized the vehicle in
this wind. About 125 of the avatlable yaw plane engine deflection was
used in the region of the peak wind speed, and less than 10T was used
fn pitch (based on the average engine gimbal angles in pitch and yar).

1n.1
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Table 10-1. AS-512 Misalignment and Liftoff Conditions Summary

PREDICTED 30 RANGE LAUNCH
PARAMETER R ECH ESH AL B ROLL
Thrus t Misalignment, :0.31 :0.31 1 :0.37 -0.13 0.1 | -0.04
deg
Center Engine Cant, -0.31 «0.311 - 0.02 0.30 -
deg
yenicle Stacking and 0.27 +0.27] 0.00 0.00 0.00 | 0.00
Pad Misalignment,
deg
Attitude Error at - - -0.12 0.12 | -0.06
Holddown Arm
Release, deg
Peak Soft Release 415,900 (93,500) .
force Per Rod,
n(1bf)
Wind 19.55 WS (38 Knots) 5.4 M/S (10.5 Knots)
at 161.5 Meters at 161.5 Meters
(530 Feet) (530 Feet) at 335°
Thrust to Weight 1.189 .

*0ats not aval lable.

Time histories of pitch and yaw control parameters are shown in Figures
10-1 through 10-3, with peaks susmarized in Table 10-2. Dynamics in the
region between 0 and 40 seconds resulted crimarily fros guidance
commands. Between 40 and 110 seconds vehicle dynamics were caused by
the pitch guidance progras and the wind. Oynamics from 110 seconds to
s-1C outboard engine cutoff were caused by separated air{low aero-
dynamics, inboard engine shutdam, tilt arrest, and high altitude winds.

The attitude errors between 1iftoff and 20 seconds indicate that the
equivalent thrust vector misaligments present before the outboard
engines canted were -0.13, 0.11, and -0.04 degrees in pitch, yaw, and
roll, respectively. After outboard engine cant the misaligmments became
0.04, 0.06, and 0.01 degrees. The attitude error transients at center
engine cutoff indicate that the center engine misalignments were 0.02
and G.30 degrees in pitch and yaw.
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Table 10-2. Maximum Control Parareters During S-1C Burn

PITCH PLANE YA PLANE dLL PLANE
PARAMETERS QUNGE RANGE RANGE
AMPLITUDE TIME AmMPL [ TUDE T ampt [TUOE TIvE
{SEC) (SEC) {SEC)
attitude Ervor®, deg J.84 119.4 -1.26 3.3 1.32 14.3
Angular Ra%e, deg/s -3.39 88.3 o.M 5.0 -1.18 18,7
Average Gimbal Angle, 0.8 15.0 -0.7 3.2
=g
Angle of At=ach, deg 2.23 59.6 4,35 78.9
Angle of Attack-
Oynamic Pressure
product, deg-N/Cm 5.48 74.4 14.45 73.9
{deg-1bf/f2°) (1130} {3018}
vormal
Acceleration, m/s? -3.4%5 66 3.52 31
{fe/s?) (-1.5) (1.7}

* 3iases removed

Al]l dynamics were within vehicle capability. The attiiude errors
required to trim out the effects of thrust unbalance, offset center of
gravity, thrust vector misalignment, and control system misalignments
were within predicted envelopes. The peak angles of attack in the
maximum dynamic pressure region were 2.23 degrees in pitch and 4.45
degrees in vaw. The peak average engine deflections required to trim
out the aerodynamic moments in this region were 0.38 degree in pitch
and 0.58 degree in yaw. No divergent bending or slosh dynamics were
observed, indicating that both bending and slosh were adequately
stabilized. Vehicle dynamics prior to s-1¢/S-11 first plane separation

were within staging requirements.
10.3 s-11 CONTROL SYSTEM EVALUATION

The S-11 stage attitude control system performance was satisfactory.

The vehicle dynamics were within expectations at all times. The maxi-
mum values of pitch parameters occurred in response %0 Iterative Guidance
Mode (IGM) Phase I jnitiation. The maximum values of yaw and roll con-
trol parameters occurred in response to s-1C/S-11 separation conditions.
The maximum control parameter values for the period of S-I1 burn are
shown in Table 10-3.

getween S-1C OECO and jnitiation of IGM Phase I, commands were held
constant. Significant events occurring during this interval were S-1C/
s-11 separation, s-11 stage J-2 engine start, second plane separation,
and Launch Escape Tower (LET) jettison. Pitch and yaw dynamics during

TN C



Table 10-3. Maximum Control Parameters During S-11 Burn

PITCH PLANE YAM PLANE ROLL PLANE
APLITUDE | RANGE TIME AMPLITUDE | RANGE TIME AL [TUDE | RANGE T1
PARAMETER {SEC) (SEC) {sEC)
Attitude Error®, deg -1.5 on -0.5 206 2.7 166
Angular Rate, deg/sec 1.0 an 0.5 204 2.5 166
:;;-aqc Gimbal Angle, 0.5 206 0.4 206 - -

* Biases removed

this interval indicated adequate control stability as shown in Figures
10-4 and 10-5, respectively. Steady state attitudes were achieved
within 10 seconds from s-1C/S-11 separation.

Flight and simulated data comparison, Figures .10-4 and 10-5, show
agreement at those events of greatest control system activity. Differ-
ences between the two can be accounted for largely by engine location
misalignments, thrust vector misalignments, and uncertainties in engine
thrust buildup characteristics.

10.4 S-1V8 CONTROL SYSTEM EVALUATION

The S-IVB thrust vector control system provided satistactory pitch and
yaw control during powered flight. The APS provided satisfactory roll
control during first and second burns.

During S-1VB first and second burns, control system transients were
experienced at s-11/S-1VB separation, guidance initiation, Engine
Mixture Ratio (MR) shift, terminal guidance mode, and S-1v8 Engine Cut-
off (ECO). These transients were expacted and were well within the
capabilities of the control system.

1C.4.1 Control System Evaluation During First Burn

$-1VB first burn pitch attitude error, angular rate, and actuator
position are presented in Figure 10-6. First burn yaw plane dynamics
are presented in Figure 10-7. The maximum attitude errors and rates
occurred at IGM jnitiation. A summary of the first burn maximum values
of critical flight control parameters is presented in Tabie 10-4.
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Table 10-4. Maximum Controi Parameters During S-IVB First Burn

PITON PLARE R4 PLANE ALL PLANE
NOLITLOE | RARGE TINE | MPLITUDE | WARGE TIME 4oL ITUDE | 2ANGE TIE
PARMETER {s€C) (SEC) {SEC)
Attisuce Error®, 309 2.4 57,8 .7 $74.3 -0.8 606.0
Anguler Rate, 29/3 -1.8 $73.0 -0.3 §72.9 -0.5 561.4
wpxtmgm ieea! sngle, 1.8 $70.5 -3.7 578.3 - -
e

* Stases "emOved

The pitch and yaw effective thrust vector misalignments during first burn
were 0.37 and -0.18 degrees, respectively. A steady state roll torque of
7.4 N-m (5.4 1bf-ft) counterclockwise looking forward required roll APS
firings during first bumm. The steady state roll torque experienced on

- previous flights has ranged between 61.4 N-n (45.3 1bf-ft) counterclockwise
and 54.2 N-m (40.0 1bf-ft) clockwise.

Propellant sloshing during first burn was observed on data obtained from
the Propellant Utilization (PU) mass sensors. The propellant slosh did

not have any noticeable effect on the operation of the attitude control

system,

10.2.2 Control System Evaluation During Parking Orbit

The APS provided satisfactory orientation and stabilization during parking
orbit. Following S-1VB first ECO, the vehicle was maneuvered to the in-
plane local horizontal, and the orbital pitch rate was established. The
pitch attitude error and pitch angular rate for this maneuver are shown

in Figure 10-8. Available data indicate that slcshing disturbances which
caused venting of LOX on AS-510 were minimized on AS-512. The LOX ullage
pressure remained below the relief setting throughout parking orbit.

10.4.3 Control System Evaluation During Second Burn

S-1YB second burn pitch attitude error, angular rate, and actuator position
are presented in Figure 10-9. Second burn yaw plane dynamics are presented
in Figure 10-10. The maximum attitude errors and rates occurred following
guidance initiation. Transients were also observed as a result of the
pitch and yaw attitude cosmmands at the termination of the Artificial Tau
guidance mode (27 seconds before €C0).

10-11
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Figure 10-8. Pitch plane Dynamics During Parking Orbit

A summary of the second burn maximum flight control parameter values is
presented in Table 10-5.

Table 10-5. Maximum Control Parameters During S-1VB Second Burn

PITCH PLARE YAW PLARE ROLL PLANE
PARMNETER 9OLITUDE | RANGE TINE | AWPLITUDE PANGE TIME | AMPLITUDE | RANGE TIME
(seC} (SEC) (SEC)
Attitude Ervor®, deg 2.2 11567.5 -0.8 11579.0 +0.9 11885.0
Anwgular Rate. deg/s -1.4 11569.0 0.3 11581.0 0.18 11560.0
:'- ¢impal Angle, 1.3 11567.0 0.7 11570.0 - -

* Biases removed

The pitch and yaw effective thrust vector misalignments early in second
burn (prior to MR shift) were 0.36 and -0.16 degrees, respectively.
Following the MR shift the misalignments were 0.50 and -0.24 for pitch
and yaw, respectively. Tne steady state roll torque during second burn
was essentially zero as minimum impulse firings were observed at alter-
nating sides of the roll deadband.

Normal propellant sloshing during second burn was observed on data

obtained from the PU mass sensors. The slosh activity did not have any
noticeable effect on the operation of the Attitude Control System.

10-12
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10.4.4 Control System Evaluation after S-1¥B Second 8urn

The AFS provided satisfactory orientation and stabilization from Trans-
lunar Injection (TLI) through the S-1VE/IU passive Thermal Control (PTC)
maneuver [Three-Axis Tumble Maneuver]. Each of the planned maneuvers
was performed satisfactorily.

Significant events related to translunar coast attitude control were

the maneuver to the ir-plane local norizontal following second burn

cutoff, the maneuver to the Transportation Docking and Ejection (TDSE)
attitude, spacecraft separation, spacecraft docking, lunar module extraction,
the raneuver to the evasive ullage burn attituce, the maneuver to the LOX -2
- - dump attitude, the raneuver to the optimum Junar impact ullage burn atti- -
tude, the maneuver to the solar heating control attitude, the maneuver to

the vernier lunar impact ullage burn attitude, and the PTC maneuver.

The pitch attitude error and anciylar rate for events during which
. telemetry.data were available are shown in Figure 10-11.

Following S-1VB second cutoff, the vehicle was maneuvered to the in-plane
local horizontal at 12,059 seconds {(03:20:59) (through approximately
-19.4 degrees in pitch and -0.2 degree in yaw), and an orbital pitch rate
was established. At 12,809 seconds (03:33:29), the vehicle was commanded
to maneuver to the ceoaration TDSE attitude (through approximately 120, 40
and -180 degrees in pitch, yaw and roll, respectively).

Spacecraft separation, which occurred at 13,347 seconds (03:42:27),
appeared nominal, as indicated by the relatively small disturbances
induced on the S-IVB.

Dis turbances during spacecraft docking, which occurred at 14,231 seconds

(03:57:11), were less than on previous flights. Docking disturbances

required 2,160 N-sec (485 1bf-sec) of impulse from Module 1 and 1,160 N-sec

(261 1bf-sec) of impulse from Module 2. The largest docking disturbances

on previous flights occurred on AS-510 and required 3,480 N-sec (783 1bf-

sec) of impulse from Module 1 and 3,040 N-sec (683 1bf-sec) of jmpulse

from Module 2. Llunar module extraction occurred at 17,102 seconds .
(04:45:02) with nominal disturbances. N

At 17,520 seconds (04:52:00) a yaw maneuver from 40.3 degrees (TDSE
attitude) to -40.0 degrees was initiated to attain the desired attitude
for the evasive ullage burn. At 18,181 seconds (05:03:01) the APS
ullage engines were comnanded on for 80 seconds to provide the necessary
separation distance between the S-1VB and spacecraft.

The maneuver to the LOX dump attitude was performed at 18,760 seconds
(05:12:40). This was 3 two-axis maneuver with pitch commanded from 179.5

1C-14
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to 190-.0-degrees and yaw from -40 to -19 degrees referenced to the in-
plane local horizontal. LOX dump occurred at 19,460 seconds (04:23:20)
and lasted for 48 seconds.

At 21,735 seconds (06:02:15) a ground command was received to perform a
‘maneuver to the desired-attitude for the APS ullage burn for lunar target
impact. This was also a two-axis maneuver and resulted in a pitch
maneuver change from 190.0 to 248.0 degrees and a yaw attitude maneuver
change from -19.0 to -23.U degrees referenced to the in-plane local
horizontal. At 22,2C0 seconds (06:10:00) the APS ullage engines were
commanded on for 98 seconds to provide delta velocity for lunar target
jmpact. R

At 22,664 seconds (06:17:44) a ground command was received to perform a
maneuver to the solar heating attitude to assure proper solar heating
conditions. This was a single-axis pitch maneuver and resulted in a
pitch maneuver- change - from-248.0- to 161.0 degrees referenced tc the in-
plane local horizontal.

At 39,760 seconds (11:02:40) a ground command was received to perform a
maneuver to the desired attitude for the second lunar impact APS ullage
burn. This maneuver was a two-axis maneuver and resulted in a pitch
maneuver change from 161.0 to 121.0 degrees and a yaw attitude maneuver
change from -23.0 to -11 degrees referenced to the in-plane local
horizontal. At 49,500 seconds (11:15:00) the APS ullage engines were
commanded on for 102 seconds to provide delta velocity for a more

accurate lunar target impact.

The command to initiste the PTC maneuver was received at 41,510 seconds
(11:31:50). This maneuver consisted of commanding the vehicle +31
degrees in the pitch, yaw and roll axis. After vehicle angular rates
of approximately -0.3 degree/second pitch, -0.3 degree/second yaw,

and 0.6 degree/second roll were established, a ground command was
received (Flight Control Computer Power Off B) at 41,532.5 (11:32:12.5)
to irhibit the IU Flight Control Computer leaving the vehicle in a
three-axis tumble mode.

APS propellant consumptior. for attitude control and propellant settling
prior to the APS burn for lunar target impact was lower than the mean
predicted requirements. The total propellant (fuel and oxidizer) used
prior to the first ullage burn for lunar target impact delta velocity was
51.8 kilograms (114.2 1bm) and 52.9 kilograms (116.7 1bm) for Modules 1
and 2, respectively. This was approximately 35 percent of the total
available propellant in each module (approximately 147 kilograms {330
1bm]). APS propeilant c-nsumption is tabulated in Section 7, Table 7-4.

am NN



10.5 INSTRUMENT UMIT CONTROL COMPONENTS EVALUATION

The control subsystem performed properly throughout the AS-512 mission.
Al1] ST-124M Stabilized Platform Subsystem (SPS) factors remained within
previous]y‘experienced limits. - The eauipment temperatures increased as
expectsd when the water sublimator operation was inhibited (Section
14.4.1). : -

10.5.1 Gimbal Ancle Resolvers

Proper vehic\e'attitude—was~indicated by the gimbal angle resolvers
until the PTC maneuve wAas initiated at approximately 41,500 seconds.
As on AS-511 the posi. = yaw gimbal mechanical stop was contacted for
short periods of time. nis was expected. No vehicle perturbation or
hardware failure was ev.dent as a result of the contacts.

Ce -

10.5.2 . ST-124M Power Supplies

A1l power parameters were within specification 1imits. Deviation from
nominal occurred while the water sublimator operation was inhibited.

The 4.8 KHz voltage increased while the 400 Hz voltage decreased, but in
each case no specification 1imit was exceeded.

10.6 SEPARATION
10.6.1  S-I1C/S-1I Separation

The AS-512 S-I1C/S-11 stages separated as planned with no known anomalies.
Clearance distance between the stages was approxiamtely 2.4 meters (eight
feet) more than required at S-11 Engine Start Command (ESC) as shown in
Fioure 10-12. Separation distance was approximately 15.2 meters (50 feet)

at J-2 engines main propellant ignition.

Durina the first n° @ separation period (160 to 166 seconds), the maxi-

rum roll attit and angular rate were approximately -2.7 degrees
and +2.5 7 .cond, respectively. Maximum pitch and yaw atti-
tude - nd -0.7 degrees, respectively. Corresponding

max> rates at this time were -0.2 and -0.1 degrees per
< .

Jnd Plane Separation

.ane separation was performed as planned. No significant tran-

_aes in vehicle attitudes or rates were jdentified that would have
caused this separation to be other than nominal.
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10.6.3 S-11/5-1vB Separation

Nominal accelerations were observed on the flight vehicle durihg the
S-11/S-1VB separatior. Vehicle dynamics were as gredicted and well
within staging limits.

10.6.4 CSM Separation

At 12,810 seconds (03:33:30) a maneuver to the TDSE attitude was
initiated to assure proper lighting and communication conditions for
spacecraft separation, docking, and lunar module ejection. The
vehicle was commanded to pitch 120 degrees, yaw 40 degrees, and roll
-180 degrees. This attitude was held inertially until the beginning
of the evasive maneuver. The vehicle motion during the maneuver was
close to predicted with maximum vehicie rates of 0.75 deg/sec, 0.95
deg/sec, and -0.80 deg/sec in the pitch, yaw, and roll axes,
respectively.

Transients due to spacecraft separation at approximately 13,348 seconds
(03:42:28) appeared nominal. Separation disturbances caused five APS
Module 1 pitch firings within 10 seconds following separation. A
negative roll disturbance was controlled by 6 roll firings within 15
seconds following separation.

All attituce errors remained within the 1 cegree deadband during the
separation process.



SECTION 11
ELECTRICAL NETWORKS AND EMERGENCY DETECTION SYSTEM

11.1 SUMMARY

The AS-5i2 launch vehicle electrical systems and Emergency Detection
System (EDS) performed satisfactorily throughout the required period

of flight. However, the temperature of the S-1VYB Aft Battery No. 1,

Unit No. 1, increased significantly above the nominal control limit (90°F)
at approximately 9 hours due to malfunction of the primary heater control
system. Operation of the Aft Battery NO. 1 remained nominal as did
operation of all other batteries, power supplies, inverters, Exploding
Bridge Wire (EBW) firing units, and switch selectors.

1.2 s-1C STAGE ELECTRICAL SYSTEM

The S-IC stage electricai syst.m performance was satisfactorv. Battery
voltages were within performance limits of 26.5 to 32.0 V du- ing powered
flight. The battery currents were near predicted and beiow the max imum
limits of 50 amperes for each battery. Battlry power consumption was
within the rated capacity of each battery, as shown in Table 11-1, but
exceeded predictions due to range safety system loads during the launch
delay.

Taole 11-1. S-IC Stage Batte.y Power Consumption

POWER CONSUMPTION*
RATED PERCENT
BATTERY CAPACITY AMP-HR OF
(AMP-HR) CAPACITY
Operational 8.33 2.51 30.1
Instrumentation 8.33 3.70 44.4

*Battery power consumptions were calculated from the initial power
transfer (T-50 seconds) until S-1C/S-11 separation and include energy
used during the first countdowm sequence prior to the hold ircluding
range safety consumption.
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state-of-reacine's
11.3 <=1 STAGE fLECTRICAL SYSTEM

The S-i! stage electrical system performed satisfactorily. Al battery
and bus voltages remained within specified 1imits through the prelaunch
and €lignht .ericds. ‘Bus currents .also remained within precicted limits,
Main bus current ayeraged 30 anperes during S-I1C boost ard varied from 45
t0 50 amperes Zuring S=11 boost. Ins trumentaticn bus current averaged

22 amperes during s-1C and S-1I bcost. Recirculation bus current averaged
37 asperes during 5-1C boost. Ignition bus current averaged X0 amperes

during the S-11 ignition sequence. —- - = -

produced an additional battery load prior to
(7CS) cutoff. The additional time on inter-
in an additional drain of 0.16
ours for Instrumentation
f Recirculation and
1y which occurred

The first countcown sequence
Terainal Ccuntdown Sequencer
nal power was 20 seconds which resulted
aapere-hours for the main Battery, 0.13 ampere-h
Battery and 0.48 ampere-hours for the combination o
Ignition patteries. The ignition voltage drop anoma
during AS-511 did not reappear on this flight.
Battery power consumption was within the rated capacity of each pattery,
as shown in Table 11-2.

Table 11-2. S-11 Stage Battery Power Consumption

POR CORSPOTION"
ATD
SATTERY PORCERT OF

CPACITY AR
fafls » 13.9 ».?
Instrusentation » 10.5% 3.1
fecirculatien 1 » 12.79 .4
fecirculatien 02 » 12.7% Q.5
*gattery oy consumpt iens wre calculated frem sctivation entil S-1V/
$-IV8 seperstion and mmu.suc.:-ma-—-“u-m
u:ttntu-wuu“ as-vc-lmunﬂntm
soguence prier o the hold tocluding ramge safety consumptieon.

11-2

t unit (1U) and were within required time limits.



There was no indication in flight of a performance degradation occurrence
»ith the zountdown long term open circuit voltage decay of forward
battery No. 2 reported in Section 3.2.3.

A1l switch selector channels functioned as commanded by the IU and were
within acceptable 1imits. The LH2 recirculation pump inverters per-
formed satisfactori}yfﬁ o

Performarce of the EBW circuitry for the separation systems was satisfactory.

The charge and discharge responses were within predicted time and
voltage limits. Tre range safety commard system EBW firing units were
in the reouired state-of-readiness for vehicle destruct, had it been
necessary. oo

11.4 S-1VB STAGE ELECTRICAL SYSTEM
11.4.1  Summary

The S-1YB stage electricai system performance was satisfactory. The
battery voltages and currents remained within the normal range beyond
their mission recuirements. Battery temperatures were normal except for
the temperature of the Aft Battery No. 1, Unit No. 1 which increased
significantly above the cutoff 1imit of the primary heater control

system at approximately 9 hours. Battery voltage and current plots are
shown in Figures 11-1 through 11-4 and battery power consumption and
capacity for each battery are shown in Table 11-3. There was no recurrence
of forward Battery No. 2 early depletion that occurred during AS-510

and AS-511. '

The three 5 ¥ and seven 20 ¥V excitation modules all performed within
accentable limits. The LOX and LHz chilldown inverters performed
satisfactorily.

A1l switch selector channels functional properly and all outputs were
fssued within reouired time limits.

Performance of the EBW circuitry for the separation system was satisfactory.
The charce and discharge responses of the firing units were within
predicted time and voltage 1imits. The command destruct firing units

were in the required state-of-readiness for vehicle destruct, had it

been necessary.

11.4.2 S-1YB Aft Battery Mo. 1, Unit No. 1, Temperature Increase

The temperature of the S-1VYB Aft Battery No. 1, Unit No. 1, increased
significantly above the nominal cutoff limit (90°F) of the primary heater
control syster at approximately 9.0 hours (see Figure 11-5). The tem-
perature of Unit No. 1 continued to increase until the high temperature
backup thermostat deenergized the heater at approximately 120°F (see Figure
11-6). The temperature then decayed to approximately 87°F at which point
the heater was energized. Since the high temperature thermostat has a
small temperature deadband and the heater did not cycle around the high
temperature thermostat control point, temperature control of Unit No. 1

11-3
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Tadle 11-3.

S-:175 Stage Batlery Power (orsumglion

SATED POJER CORSUPT 10K
ULy CAPRCITY . PERCINT CF
(AP-1R) N9-R CAPACITY
forward Wo. 1 227.5 200.12° 87.9%
forwsrsd “u. 2 4.6 . 26. T 108.%2
Aft . 227.% 139.45* . 61.%
Mrw. 2 | 6.5 37.47° 5.5

*from Ditlery &ctivation until end of data (at 48,685 seconds).

efros Datlery activation wnti] battery wltage decayrd Selow
26.5 volts (a2 X0,8i2 seconds). ,

spcarently had reverted Sack 10 the heater cortrol ler (primary sysiem).
Suseosently, e teater controller again fatled to turn the heater off
it 73°F and tre tarperature MgaiIN tncressed. This lemperature ijeowence
was receated #£til termiration of S-178 data. Battery outdwt voltage,
corrert and tre tenpersture of Aft Battery %o. 1, nit S0, 2 resaimed
nomiral curing this facressed temperature cycling.

Evaluation of cata ‘cdicates 1t the hester power t-ans istor expertenced
therns]l runangy wa_never energized by e hester controller. This
fa1lure cONGition wes sppsrently self-correcting whes feater DONRT wiS
faterrwoted dy the aigh tempersture therwostat. Therefore, ia tre
fa1lure node, e hester was erergized aormally by the tester costroller
and 1z20d Dy the DOCEuD high temperstere therwostst. The sOst
11kely fatlure node for this secmsly has beem estadlished as 3 therwa!)
resy of the power tramsistor. Laboratory thorss! rvmswey tests

nave smulated the flignt fatlure. Past history hes {adicated poOr
testailation of tremsistor Medt sink wosld cowse therms| rvabey.
{aspection cf teat siek imstallation his beem faftiated to siswre
proper st 1'mt noweting fastemer torque. Further corrective action
nrctcmamnasufymummdawvml pro-
vided by e Uherwostit. This ftem 13 comsidered closed.

11.5 INSTPLOENT (M]JT ELECTRICAL STSTOM

The 10 electrical systes fuactiomed sormslly. 411 tattery voltages
rensined within performesce 1tmits of 26 to 30 V. The bettery tewpersture
and cyrrest during power flight were soniss]. Tespersture {scresses

were esperienced durisg the 1saibiting cf the Thevwsl Cond it ioning

Systaw (1C3) seter valve in 3 closed positiom ot 20,998 secomds (referesce
perogrece 18.4.1) a3 expected. Battery volurs. currests ood taw-
serstures are showm s Figures 11-7 throwgh 11-10. Sattery power COB-
mrtion 3nd CADICIty fOr eoch bittery ire shonm in Todle 11-4,

——

e
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Taole 11-4. 1V utuqﬁanr Consumption
POMER CONSUIPTION
RATED
SATTERY CAPACITY PERCENT OF
(Ne-R) NP -R CAPACITY
6010 »0 255.0° 73
029 »0 3%5.4° 104°*
6«03 »0 328.0* L 3
040 »0 387 5°° 11100e
°kwlacr fmﬂnlmftrusurun.sznm
(13 nowrs ciuus).
esTae (5 .aum by the 6020 o ., was operstisg ot
u.xt st 313,181 m (86:59:41).

$-118/10 lomar
Posgr M

soniss! operetios.
evefron finsl

on eatil s-mm Temar l-xt uas calculated based on

gower tremfer watt) dattery woltage decayed delow 26.0

wolts at 45,000 secomds (12.5 sowrs).
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The current sharing of the 6D10 and 6030 batteries, to provide redundant
power to the ST-124, was satisfactory throughout the flight.- - Current
charing reached a maximum of 23 amperes (6D10 and 26 amperes (6030)
compared to an average of 20 amperes (6D10) and 24 amperes (6030)
during S-1C burn (see Figures 11-7 and 11-9).

The 56 volt power supply maintained an output voltage of 5-.2-t0 56.6 ¥
which is well within the required tolerance of 56 +2.5 volts.

The 5 volt me
constant volt

The switch se
formed nomina

asuring power supply performed nominally, mafntaining a
age within specified tolerances.

Jector, electrical distributors and network cabling per- ---. - - --

11y.

11.6 SATURN V EMERGENCY DETECTION SYSTEM (EDS)

The performan
exceeded. Al
are available

ce of the AS-512 EDS was normal and no abort limits were - .
1 switch selector events associated with EDS for which data
were issued at the nominal times. The discrete indications

for EDS events also functioned normally. The performance of all thrust
0K pressure switches and associated voting logic, which monitors engine
status, was nominal insofar as EDS operation was concerned. S-IVB tank
ullage pressures remained below the abort ) mits. EDS displays to the
crew were normal.

The maximum dynamic pressure difference sensed by the Q-ball was 1.2
psid at 88.0 seconds. This pressure was only 37.5 percent of the EDS

abort limit o

f 3.2 psid.

As noted in Section 10, none of the rate gyros gave any indication cf
angular overrate in the pitch, yaw, or roll axis. The maximum angular

rates were we

11 below the abort limits.



SECTION 12
VEHICLE PRESSURE EWVIRONMENT

12.1 SUMMARY

The S-1C base pressure environments were consistent with trends and
magritudes observed on previous flights. The S-11 base pressure

environments were consistent with trends seen on previous flights,
;1though the magnitudes were higher than seen on previous flights.

The pressure environment during $-1C/S-11 separation was well below - -~

maximum allowable values.
12.2 BASE PRESSURES
12.2.» S-1C Base Pressures

The S-1C base heat shield was instrumented with two differential
'internal minus external) pressure transducers. The data recorded

by both instruments, D046-106 and D047-106, are in good agreement
with previous flight data in both trends and magnitudes. A maximum
differential pressure of 0.12 psi occurred at an altitude of 6.0 n mi.

12.2.2 S$-11 Base Pressures

Figure 12-1 shows the AS-512 post-flight heat shield forward face
pressure data. The heat shield forward face pressure transducer
{D150-206) provided no useful data during S-1I mainstage. Post-flight
analysis, using semi-empirical correlations based on 1/25 scale model
hot flow test results, jndicated that the S-II-12 heat shield forward
face pressures were within the previous flight data band.

“he thrust cone post flight reconstruction is shown in Figure 12-2.
“he thrust cone p-essure transducer (D187-206) provided no useful
data during S-11 mainstage. Post-flight analysis based on the semi-
empirical correlations mentioned above indicates higher thrust

cone pressures, prior to interstage separation, than previous
flight data.

The heat shield aft face pressures, shown in Figure 12-3, were
higher than those seen on previous flights.

“he higher pressures in the s-1I1-12 base region as indicated by
post-flight analysis and measured flight data, are attributed to fur
Further inboard deflections of the engines than on previous flights.
Effective with AS-510, the S-11 engine precant angle was reduced
f-om 1.8° to 0.6°. Since base pressures result from reverse flow
of the engine exhaust gases, 2 further inboard deflection would

i #
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Figure 12-3. S-II Heat Shield Aft Face Pressure

cause higher pressures in the base region.

12.3 S-1C/S-11 SEPARATION PRESSURES

Details of the S-IC/S-1I separation are presented in Section 10.6.

At main propellant ignition, the separation distance was over 50 feet,

and over 100 feet at 90% thrust; consequently the pressure environment
during S-1C€/S-11 separation was well below maximum allowable values.

12-3/12-4
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SECTION 13
VEHICLE THERMAL ENVIRONMENT

13.1 SUMMARY

The AS-512 S-IC base region thermal environments exhibited trends and T
magnitudes similar to those seen on previous flights, except that the

arbient temperature under engine No. 1 cocoon showed an unexpected

rise that peaked at about 50 seconds.

The base thermal environments on the S-11 stage were consistent with 777
the trends and magnitudes seen on previous flights and were well below
design limits.

Aerodynamic heating environments and S-IVB base thermal environments
were not measured on AS-512.

13.2 S-IC BASE HEATING

Thermal environments in the base region of the S-IC stage were recorded
by two total calorimeters, €0026-106 and C0149-106, and two gas tem-
perature probes, C0050-106 and C0052-106, which were located on the T T
aft heat shield. The sensing surfaces of the total calorimeters were
mounted flush with the aft shield surface. The base gas temperature
sensing surfaces were mounted at distances aft of the heat shield

surface of 0.25 inch (C0050-106) and 2.50 inches (C0052-106). In general,
the AS-512 data was in good agreement with previous flight data in both
trends and magnitudes. Typical base thermal data, total heating rates
recorded by C0026-106, are presented in Figure 13-1 and compared to

data from the AS-511 flight, The maximum recorded total heating rate

was approximately 17 Btu/ft2-s and occurred at an altitude of 11.5

n mi,

The ambient temperature measurement (C242-101) under Engine No. 1 cocoon
showed an unexpected rise starting soon after 1liftoff and peaking at
about 50 seconds (see Figure 13-2). Following the peak, the temperature
returned to a normal level at about 100 seconds, and remained similar

to cocoon temperature levels for the other engines. The peak temperature
at 50 seconds was approximately 13°C above the upper band experienced
during previous flights. .

There are two possible causes for this anomaly:

A o

1. The first possibility is that hot gas from the Gas Generator
(6G) may have leaked through the 66 drain port. This port
is plugged in flight and opened only during ground operations.
Leakage past the plug has occurred in the past during Tow :
pressure ground checkout. The temperature sensor is located in 3

13-1




the vicinity of the GG drain port and a leak of about 0.003 1b/sec
would propagate enough hot gas under the cocoon to cause such a
temperature rise. A leak of such small magnitude would tend to

pe self-sealing due to the deposition of hydrocarbon solids from
the fuel-rich GG combustion gases. This could explain why the
temperature reading returned to the normal level.

2. The second possibility js a temporary loss of cocoon insulation
integrity (possible loose combustion drain access cover) which later
corrected itself, allowing the instrument to return to the normal

temperature level. The temperature rise was coincident with the
normal rise in base heating rate which peaks at about 50 seconds as
shown ir Figure 13-1. A loss of cocoon inrsulation integrity would
show up in a temperature rise. However, the loss of cocoon insula-
tion integrity would have to have been temporary because the tem-
perature rise did not recur when the base heating rate peaked the
second time at about 110 seconds (a normal occurrence). Base
heating rates and temperatures do not show any unusual excursions
during S-IC fiight, jndicating normal gas flow in the base region.

Special attention will be given during prelaunch operations to jnspection
of the GG plug and cocoon access covers.

13.3 s-11 BASE HEATING

Figure 13-3 shows the AS-512 flight heat shield aft face total heat rate
history. The flight data falls well within the data band of previous flights
except at lenter Engine Cutoff (CECO) when the heating rates were

equal to the previously recorded peak value of 3.2 Btu/ft2-s.

The AS-512 flight and the post-flight analytical value of the gas
recovery temperature probe indicated output are shown in Figure 13-4,
The corresponding data band of the AS-503 through AS-511 flights is
included for comparison.

Figure 13-5 shows the As-512 f1ight and post-flight analytical values
of the radiometer indicated radiative heat flux to the heat shield aft
surface. Also shown is the post-flight analyt:cal value of the actual

petween the radiometer jndicated value and the incident heat flux is
due to the heating of the radiometer quartz window by convection and
long-wave plume radiation. Consequently, the radiometer sensor receives
additional heat from the quartz window by radiation and convection
across the air gap between the window and the sensor. This explains
the apparently slow radiometer response at engine start, CECO, Engine
Mixture Ratio (EMR) shift and at engine cut-off. Figure 13-5 shows
that the actual jncident radiative heat flux prior to CECO is about
30%2 less than the radiometer jndicated value. The post-flight ana-
lytical history of the radiometer output is in good agreement with
the flight radiometer output history.

13-2




There were no structural temperature measurements on the base heat shield
and only three thrust cone forward surface temperature measurements in
the entire base region. In order to evaluate the structural temperatures
experienced on the aft surface of the heat shield, a maximum post-flight
predicted temperature was determined for the aft surface using maximum
post-flight predicted base heating rates for the AS-512 flight. The
predicted maximum post-flight temperature was 794°K (969°F) and com-
pares favorably with maximum post-flight temperatures predicted for
previous flights, and was well below the maximum design temperatures

of 1066°K (1460°F) for no engine out and 11156°K (1550°F) for one control
engine out. The effectiveness of the heat shield and flexible curtains
as a thermal protection system was again demonstrated on this flight

as on previous flights by the relatively low temperatures recorded on

the thrust cone forward surface, The maximum measured temperature on
AS-512 by any of the three thrust cone forward surface temperature
measurements was 260°K (9°F), which also compares favorably with data
recorded on previous flights. The measured temperatures were well below
design values.

13.4 VEHICLE AEROHEATING THERMAL ENVIRONMENT

Aerodynamic heating environments were not measured on the AS-512 S-IC
stage. Due to the similarity in the trajectory, the aerodynamic heating
environments are believed to be approximately the same as previous flight
envirorments. Because of the nighttime launch, ground optical data

from Melbourne Beach and Ponce de Leon cameras do not have sufficient
clarity to define the flow separation point on the S-1C stage, but it is
expected that the data would be similar to previous flights.

13.5 S-1C/S-11 SEPARATION THERMAL ENVIRONMENT

Since the AS-512 S-1C/S-1I separation was normal, the heat input to the
S-IC LOX tank dome is assumed to be near nominal.

There were no environmental measurements in this area on the flight

vehicle but nothing has been observed in related flight data to indicate
anything other than a normal environment.

13-3
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SECTION 14
ENVIRONMENTAL CONTROL SYSTEM

14.1 SUMMARY

The S-1C stage forward compartment thermal environment was adequately
maintained although the temperature was lower than experienced duving
previous flights. The S-IC stage aft compartment environmental condi-
tioning system performed satisfactorily.

The $-11 stage engine compartment conditioning system maintained the
ambient temperature and thrust cone surface temperatures within design
ranges throughout the launch countdown. No equipment container tempera-
ture measurements were taken; however, since the external temperatures
were satisfactory and there wera no problems with the equipment in the
containers, the thermal control system apparently performed adequately.

The 1U stage Environmental Control System (ECS) exhibited satisfactory
performance for the duration of the IU mission. Coolant temperatures,
pressures, and flowrates were continuously maintained within the required
ranges and design limits. At 20,998 seconds the water valve logic was
purposely inhibited (with the valve closed). Subsequent temperature in-
creases were as predicted for this condition.

14.2 S-IC ENVIRONMENTAL CONTROL

The S-1C forward compartment pre-launch temperature reached a minimum of
-92.2°F (C0206-120) at liftoff. This temperature was lower by approxi-
mately 11°F than experienced during previous flights but well above the
established minimum design criteria. These criteria, established by
analysis and test, permit a minimum temperature at 1iftoff of -110°F
after an 8 minute S-1I stage J-2 engine chilldown or -170°F after a 13
minute chilldown at the €0206-120 transducer location.

Therefore, it was concluded that the critical components that are in the
compartment were well above their minimum qualification limits.

The aft compartment environmental conditioning system performed satis-
factorily during countdown. After the initiation of LOX loading, the
temperature in the vicinity of the battery (12K10) decreased to 65°F
which is within the battery qualification limits of 35°F to 95°F. The
temperature fncreased to 78°F at liftoff.

ISR S
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Just prior to liftoff, the other aft compartment temperatures ranged from
77°F at measurement C0203-115 Jocation to 86.9°F at measurement £0205-115
location. During flight, the lowes: temperature recorded was 63.5°F at
measurement €0203-115.

14.3 S-I1 ENVIRONMENTAL CONTROL

The engine compartmant conditioning system maintained the ambient tempera-
ture :.nd thrust cone surface temperatures within design ranges throughout
the launch countdown. The system also maintained an inert atmosphere
within the compartment as evidenced by the absence of H2 or 02 indications
on the hazardous gas monitor.

No equipment container temperature measurements were taken. However,
since the ambient measurements external to the containers were satis-
factory and there were no problems with the equipment in the containers,
jt is assumed that the thermal control system performed adequately.

14.4 1U ENVIRONMENTAL CONTROL
14.4.1 Thermal Conditioning System (TCS)

The 1U TCS performance was satisfactory throughout the IU mission. The
temperature of the coolant as supplied to the IU thermal conditioning
panels, S-IvVe TCS, and IU internally cooled components was continuously
maintained within the required limits of 45° to 68°F until approximately
23,500 seconds, as shown in Figure 14-1. The cooiant temoerature
exceeded the monitored tamperature tand (50° to 60°F) of measurement
C15-601 due to the planned inhibition (valve closed) of the water valve.
Sublimator performance during ascent is presented in Figure 14-2. The
water valve opened initiaily at approximately 180 seconds as commanded ,
allowing water to flow to the sublimator. Significant cooling by the
sublimator was evident at arproximately 530 seconds at which time the
temperature of the coolant began to rapidly decrease. At the first
thermal switch sampling, (480 seconds) the coolant temperature was above
the thermal switch activation point; hence the water valve remained ooen.
At the second therma® switch sampling (780 seconds), the coolant tempera-
ture was below the actuation point, and the water valve closed.

Sublimator cooling was nominal as evidenced by normal coolant temperature
(€15-601) cycling through approximately 21,000 seconds. Following water
valve closure at 19,080 seconds the water line pressure indication,
measurement D43-601, leveled off at about 1.4 psia rather tnan continu-
ously decreasing to zero as is normally expected during the sublimator
drying out cycla. The indicated pressure remained at this level until
about 27,000 seconds, at which time the indicated pressure did begin a
gradual decrease to zero (Figure 14-1). This same general condition has
occurred on a number of previous missions and is due to either water

18-2
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freeze-up in the pressure pick up line, or icing at the pressure trans-
ducer resulting in the diaphragm of the transducer locking in a fixed
position. The latter condition is thought to be the case, though in
either event system performance is unaffected, and the true pressure in
the water supply line decays nominally.

At 20,998 seconds, the Launch Vehicle Digital Computer (LvoC) logic con-
trolling water valve operation was inhibited by ground command with the
valve closed. The purpose of this event was to eliminate sublimator vent-
ing during the lunar impact course correction and tracking period beiween
APS-1 and APS-2 burns. (It had been conjectured from previous mission
performance that water vapor venting from the sublimator contributed sig-
nificantly to unplanned velocity changes, causing degradation in lunar
impact accuracy.) The water valve remained closed and the sublimator
inoperative until the valve inhibition was removed by ground command at
41,553 seconds, after the FCC was shutdown. Within this period of no active
cooling, component and coolant fluid temperatures increased at rates within
the conservative predictions. When the valve opened the sublimator quickly
achieved a high level of heat rejection as evidenced by the rapid decrease
in component temperatures (Figure 14-3). Within twenty minutes after sub-
limator restart coolant temperatures had returned to normal operating
ranges. The water valve, however, was allowed to remain in the open
position. A1l component temperatures remained within their expected

ranges for the duration of the IU mission except for the period of time

the water valve was commanded closed. The sublimator restarted in a timely
fashion, with a high level of heat dissipation as expected.

The TCS hydraulic performance was nominal as seen in Figure 14-4. The
TCS sphere pressure decay was nominal as shown by Figure 14-5 and there
was no evidence of any excess GN2 usage or leakage as was experienced on
AS-511.

14.4.2 Gas Bearing System Performance

The Gas Bearing System (GBS) performance was nominal throughout the IU
mission. Figure 14-6 shows ST-124 platform pressure differential (D11-
603) and platform internal ambient pressure (D12-603).

The GBS GN2 supply sphere pressure decay was as expected for the nominal
case as shown in Figure 14-7.

An attempt was made to evaluate the effects of residual IU venting during
the period between APS-1 and APS-2 burns while the TCS water valve was
commanded closed (water sublimator eliminated as a source of S-1VB/IU
thrust). Platform GBS venting and the corresponding APS activity have
been analyzed with regard to trajectory perturbations. Details of this
analysis are presented in Section 17.3.

14-5
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SECTION 15
DATA SYSTEMS

15.1 SUMMARY

A1l data systems performed satisfactorily throughout the flight, Flight
measurements from onboard tele:etry were 99,8 percent reliable.

Telemetry performance was normal except for noted problems. Radio Frequency
(RF) propagation was satisfactory, though the usual interference due to
flame effects and staging were experienced. Usable Ver High Frequency
(VHF) data were received unti1 36,555 seconds (10:09:15). The Secure Range
Safety Command Systems (sRscs) on the S-1C, S-I1, and S-IVB stages were
ready to perform their functions properly, on command, if flight conditions
during launch phase had required destruct. The system properly safed

the S-IVB destruct system on a command transmitted from Bermuda (BDA) at
723.1 seconds. The performance of the Command and Communications System
(ccs) was satisfactory from 1iftoff through lunar impact at 313,181 seconds
(86:59:41). Madrid (MADX) and Goldstone (GDS) were receiving CCS signal
carrier at lunar impact. Good tracking data were received from the

C-Band radar, with BDA indicating final Loss of Signal (LoS) at 48,420
seconds (13:27:00).

In general, ground engineering camera coverage was good.
15.2 VEHICLE MEASUREMENT EVALUATION

The AS-512 launch vehicle had 1353 measurements scheduled for flight;
four measurements were waived prior to start of the automatic countdown
sequence leaving 1349 measurements active for flight. Three measure-
ments failed during flight, resulting in an overall measurement system
reliability of 99.8 percent.

A summary of measurement reliability is presented in Table 15-1 for the
total vehicle and for each stage. The waived measurements, failed measure-
ments, partially failed measurements, and questionable measurements are
listed by stage in Tables 15-2 and 15-3. WNone of these 1isted failures

had any significant impact on postflight evaluation.

15.3 AIRBORNE VHF TELEMETRY SYSTEMS EVALUATION

Performance of the eight VHF telemetry links provided good data from
19 ftoff until the vehicle exceeded each subsystem's range Timitations,
however, data dropouts occurred as indicated in Table 15-4.

A1l inflight calibrations occurred as programmed and were witnhin
specifications.

15-1
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Table 15-1. AS-512 Measurement Summary

MEASUREMENT S-IC S-I1 S-1vB INSTRUMENT TOTAL
CATEGORY STAGE STAGE STAGE UNIT VEHICLE
Scheduled 292 552 274 235 1353
Waived 1 1 2 0 4
Failed 0 1 2 0 3
partial 3 3 0 0 6
Failed
Questionable 0 0 0 0 0
Reliability, 100.0 99.9 99.3 100.0 99.8
Percent
Table 15-2. AS-512 Flight Measurements Waived Pricr to Flight
MEASUREMENT :
SBER MEASUREMENT TITLE NATURE OF FAILURE REMARKS
S-1C STAGE
0119-103 Pressure, Differential, Transducer failure Vatver 1-8-512-1
!n?hn Giabal Systea
Filter Manifold
S-13 STAGE
0011-201 €1 LOX Pusp Discharge Messurement exceeded Walver !‘2-!
the zero shift speci-
- fication requirement.
Provided sptable
data during flight.
S-1v8 STAGE
©0001-401 Tesp-Fuel Turbine Oata came on-scale Waiver 512-¥R-13
Inlet from off-scale low
and wandered ervatic-
ally.
00225-403 Press-Cold Heliwm Low Remote Automatic Watver 512-W-17
Control Valve Inlet Calibration System
(RACS) falled to
. calibrate and the
dymamic response to
pressure was suppressed.
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Table 15-3. AS-512 Measurement Malfunctions

[;;;mnm e oF OURATION
FAILURE
MIGER MEASUREMENT TITLE RATURE OF FAILURE (RANGE SATISFACTORY REMARKS
E) OPERATION
MEASURDMENT FAILURES, S-11 STAGE
0187-206 Thrust Come Surface Improper respoase | 115 seconds | Prior to 115 Probadle transducer
Pressere and erratic seconds failure
NEASURDMENT FAILURES, S-1¥8 STAGE
C0002. enp-Oxidizer Turbine Unsatisfac n,7s First burn data | Probable open cir-
el }nlct ¢ v response ':9'7 uéont was good. Sec- | cuit in either the
temperature ond burn data sensor or inter-
changes was good until connecting cadble
approx. 11,778
seconds.
TO002: Speed - Fuel Pump o response to %o response | First burn Most 1ikely cause
-0l fuel pump during sec- was opes pick wp
operation ond burn cofl
PARTIAL MEASUREMENT FAILURES, S-1C STAGE
€003-101 Temperature, Turbine Heasurement 83 seconds 103 seconds Probable trassducer
Manifeld off scale high fatlure
©003-103 Temperature, Turbine Measurement 22 seconds 42 seconds Probadle traasducer
Manifold off scale high failure
0047-106 Pressure, Heat Excessive noise 2t SO 147 seconds Probadlie cable
Shield Differential 0 te 95 connector problea
10§ seconds
PARTIAL MEASUREMENT FAILURES, S-11 STAGE
D150-206 Heat Shield Forward [sproper Appronie 163 seconds Probabdle transducer
Surface Pressure response mately 163 failure
seconds
0011-204 E4 LOX Pump Ofscharge | Zero shift of 425 seconds | Prior to 425 Probable traasducer
Pressure approx. 25 PS seconds fatlure
C663-204 €4 LOX Inlet Tap- Large positive 450 seconds | Prior to 450 Probeble transducer
ratwre nofse scursion seconds failure

Data degradation and dropouts were experienced at various times during
Jaunch and earth orbit as on previous flights, due to the attenuation

of RF signals.

Signal attenuation was caused by S-IC stage flame

effects, S-IC Center Engine Cutoff (CECO) and retro-rocket effects at
S-1C/S-11 separation.

140.65 to 142.80.
162.0 to 163.5 seconds.

S-IC CECO resulted in intermittent data loss from
The effects at S-IC/S-11 separation lasted from

The S-11 stage second plane separation effects
were apparent between 195.0 and 195.2 seconds. The maximum attentuation
of the DP1 signal was approximately 22 db at the Central Instrumentation
Facility (CIF) and is similar to that experienced on prior flights with
8 S-IC retro-rockets.
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Table 15-4. AS-512 Launch Vehicle Telemetry Links

Lo | PREQVENCY | woouaTion | sTAGE (e T1re SEC) PERFORMANCE SUMMARY
AF-1 256.2 /M s-1C 0 to 420.65 Satisfactory
AP-1 204.3 P /MM s-1¢ 0 to 420.65 Data Dropouts
Range Time (sec} Ouration {sec)
140.6 2.2
BF-1 4.5 FM/FA s-11 0 to 735 Satisfactory
8F-2 234.0 FR/FM s-11 0 to 735 Data Dropouts
BP-1 248.6 PCM/FM S-11 0 to 735 Range Time (sec) Ouration (sec)
162.0 1.5
195.0 0.2
cr-3 258.5 PCM/PN s-1ve 0 to 13,900 Satisfactory
Data Oropouts
Range Time (sec) Duration (sec)
163.0 2.6
Intermittent Data
194.1 0.6
0F-) 250.7 WM (/] 0 to 36,555 Satisfactory
or-1 245.3 PO/ M v 0 to 3,555 Data Dropouts
oe-18 2282.5 P M {1 0 to 49,620 Range Time (sec) Ouration (sec)
(ecs) 163.0 (0P-1) 1.1
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{he ;ast VHF signal was 36,555 seconds (10:09:15) at Ascension Island
ACN).

= PENRY, 5 Wy i Sl Ty

The performance of S-1VB and IU VHF telemetry systems was normal during
earth orbit, S-1VB second burn and final coast. A summary of available
VHF telemetry coverage showing Acquisition of Signal (AOS) and LOS for
each station is shown in Figure 15-1.

e

15.4 C-BAND RADAR SYSTEM EVALUATION

The C-Band radar performed satisfactorily during flight, although
several of the ground stations experienced problems with their equip-
ment which caused some lo0ss of signal.

Phase front disturbances were reported at Kennedy space Center (KSC)
between 123 and 137 seconds, Grand Turk Island (GTKg between 560 and

568 seconds, Grand Bahama Island (GB1) beiween 340 and 357 seconds, and
patrick Air Force Base (PAFB) between 28 and 90 seconds. Phase front dis-
turbances occur when the pointing information js erroneous as a result of
sudden antenna nulls or distorted beacon returns.

:{
¥"
-4
3
2
i

Carnarvon (CRO) experienced signal fade and dropout near Point of Closest

Approach (PCA) during revolution 1, due to the high elevation and attendant o
high azimuth rates. ‘

The BDA FPS-16 site experienced data losses during boost (552 to 642 i
seconds) and during the second revolution (3330 to 3366 seconds) because »
the vehicle look angles during these passes were such that the FPQ-6
antenna obscured the FPS-16 antenna during these intervals.

During revolution 3, Merritt Island Launch Area (MILA) reported the track- »
ing angles wandering over a wide area before PCA although there was no §
evidence of beacon malfunction and the beacon was tracked from horizon

to horizon. According to the Radar Operator Log, a cold front was passing
through the area at the time and the operator suspected that temperature
inversions were interfering with the tracking during that time. After PCA
the tracking proceeded in a normal fashion.

The BDA FPQ-6 reported weak signals and intermittent track during the 1
period between 41,760 seconds and final LOS (48,420 seconds) while the
vehicle was tumbling.

A summary of available c-Band radar coverage showing AOS and LOS for k
each station is shown in Figure 15-2.

15.5 SECURE RANGE SAFETY COMMANG SYSTEMS EVALUATION

Telemetered data indicated that the command antennas, receivers/decoders,
Exploding Bridge Wire (EBW) networks, and destruct controllers on each
powered stage functioned properly during flight. They were in the
required state-of-readiness if flight conditions during the launch had
required vehicle destruct. Since no arm/cutoff or destruct commands
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were required, all data except receiver signal strength remained
unchanged during the flight. Power to the S-IVB stage range safety
command systems was cutoff at 723.1 seconds by ground command, thereby
deactivating (safing) the systems.

15.6 COMMAND AND COMMUNICATIONS SYSTEM EVALUATION
15.6.1 Summary of Performance

The performance of the command section of the CCS was satisfactory. No
flight equipment malfunctions occurred during the flight. The phase
lock periods from 1iftoff to Translunar Injection (TLI) for the downlink
carrier are shown in Figure 15-3. Ground station coverage times from TLI
through lunar impact are shown in Figure 15-4,

Nineteen commands were initiated by Mission Control Center-Houston (MCC-H)
and a total of 182 words were transmitted. Two words were not received by
the onboard system because the uplink signal level was below the command
threshold. These words were retransmitted and accepted. One command was
retransmitted when a telemetry dropout precluded verification of acceptance
by the transmitting ground station. These problems resulted from signal
strength fluctuations (uplink and downlink) occurring during the solar
heating maneuver. A list of commands initiated by MCC-H and the number

of words transmitted for each command is shown in Table 15-5.

15.6.2 Performance Analysis

The first of the three commands required to accomplish the solar heating
maneuver was transmitted unsuccessfully at 22,659 seconds (6:17:39) and
caused the vehicle attitude to begin moving about the pitch axis, The
changing vehicle attitude resulted in uplink and downlink signal strength
fluctuations from 22,665 seconds (6:17:45) to 22,860 seconds (6:21:00).
As a rcsult of uplink signal strength fluctuations, the mode word of

the solar heating command initiated at 22,667 seconds (6:17:47) was

not received o